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PRACTICAL ESSAY, Sf^c. 



CHAP. L 



ON NATURAL PHILOSOPHY. 

Meciiamics, definition of — connected with the Arts of Life — allied to 
Geometry. -^ History of Mechanics ; what included under. — Cen- 
trifugal and Centripetal forces. — Mechanical Powers: Lever — 
Wheel and Axle — Pulley — Inclined Plane— Wedge — and the 
Screw. Writers on Mechanics: Robison^Keill — Wood — Par- 
kinson — Gr^ory — Ferguson. 

In a course of natural philosopby,. it is usual to place 
Mechanics at ttie head, because the knowledge of every 
other department depends in a great measure upon the 
right apprehension of the theory of this. Mechanics may 
be defined '^ the science which treats of the laws of the 
equilibrium and motion of solid bodies; of the forces by 
which they act upon one another ; and of the means by 
which these actions may be increased or modified." As 
the practical part of this science is closely connected with 
the arts of life, and particularly with those which existed 
even in the rudest ages of society, the construction of ma- 
chines must have been understood and practised in some 
way or other, long before any theory could have been in- 
vented, or even thought of. Hence, at a very early period, 
we read of the use of the lever, the pulley, the capstan, 
and other simple machines, long before the principles of 
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2 NATURAL PHILOSOPHY. 

their action could have been investigated^ In die remains 
of Egyptian architecture, there are the most striking jnarks 
of mechanical invention. The elevation of ponderous, and 
almost immense masses of stone, to very great heights, 
seems to have required an accmnulation of force and 
mechanical power with which modem architects and me- 
chanics are unacquainted. 

The theory of Mechanics, next to that of Geometr}-, is 
reckoned the most certain : generally speaking, it proposes 
for consideration, Force, or Power ; and the following pro- 
perties of matter, viz. extension, figure, impenetrability, 
mobility, and inertia, which are accordingly termed its 
meclianical properties. The application of this science to 
the various practical purposes in human life, leads to many 
branches of inquiry ; such as the nature of machinery, the 
^vantages, and disadvantages of different materials, the 
effects of friction, &c., all of which will merit the attention 
of the student in Natural Philosophy, though the limits of 
our work will not permit us to do more than take a cursory 
notice of them, and refer to works of authority in which 
these subjects are discussed at large. 

The first traces that we have of any thing like theory in 
this branch of science, is in a work of Archimedes on 
*^ Equiponderants," in which he considers a balance sup- 
ported on a fulcrum, having a weight in each scale ; and 
taking as a fundamental principle, that when the two arms 
of the balance are equal, the two weights supposed to be 
in equilibrio, are also equal, he shews, that if one of the 
arms be increased, the weight applied to it must be pro- 
portionally diminished in order to maintain the equilibrium. 
Thence he deduces the general conclusion, that two weights 
suspended to the arms of a balance of unequal length, and 
remaining in equilibrio, must be reciprocally proportional 
to the arms of the balance. This is the first trace, any 
where to be met with, of a theoretical investigation of me- 
chanical science. Archimedes did not, however, 9top 
here ; he advanced from step to step, till he was enabled to 
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MECHANICS. S 

poiiit out the means of finding the centre of gravity of vari- 
ous bodies; and to him we are indebted for the dieory of 
the inclined plane, of the pulley, and of the screw, besides 
that he was the inventor of several machines, of which, un- 
fortunately, scarcely any thing is now known. 

From the time of Archimedes till the commencement of 
the sixteenth centur}', little was done to advance tlie theory 
of mechanics. About this period, Stevinus, to whom we 
have before referred, made many discoveries in the laws of 
equilibrium, which the great Galileo carried rondi fiurtben 
This philosopher, who flourished at the end of the six^ 
teenth, and banning of the seventeenth centuries, laid the 
foundation of almost all the discoveries which have suc- 
ceeded each other, for more tlian two centuries. He 
investigated, in the year 1589, the laws of accelerating 
' forces; and shewed the nature of die curve, which is 
described by a projectile : he inferred, from observatiou, the 
isochronism of the vibrations of a pendulum, and the prin* 
ciple was soon applied, by Sanctorius, to the reflation of 
chronometers. 

The laws of coUisioii, another branch of mechanics, 
were inrestigaied nearly at the same time in England, by 
Wren and Wallis, and in France, by Huygens. Next to 
the discoveries of Archimedes and Galileo, those of 
Hnygens hold the thiixl place in the order of time, and 
may be ranked among the greatest benefits that have been 
conferred on science. His investigations of the cycloid, 
and his doctrine of central forces, were the immediate 
foundations of Sir Isaac Newton's improvements. Hooke 
was great as a mechanician ; his inventions were numerous, 
and very important in the history of mechanics. 

Dr. Barrow, in his lectures, treated at large of the com- 
position of motion, and otlier mechanical subjects. He 
was professor of mathematics at Cambridge, an office which 
he willingly resigned, to make way for the illustrious New- 
ton, who had alreaiiy far advanced in his brilliant career of 
discovery, at a very early age- To say nothing of the 
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4 NATURAL PHILOSOPHY. 

various other topics which be explained and illustrated, hifir 
theory of gravitation, and the mechanics of the universey 
are alone sufficient to render his name immortal. They' 
are developed in his Principia, first published in 1687. He' 
considers in tliat work the subject in its utmost extent ; and 
contemplates every conceivable variation of moving force, 
and determines the motion resulting from its actions. His 
first application of these doctrines was to explain the celes- 
tial motions ; and the magnificence of this subject occasioned 
it to occupy, for some time, the whole attention of mathe- 
maticians. But the same work Contained propositions 
equally conducive to the improvement of common mecha- 
nics, and to the understanding of the mechanical actions of 
bodies. Sir Isaac Newton lived to a great age, and had, 
says Fontenelle, *^ the singular happiness of obtaining, 
during life, all the credit and consideration to which his 
sublime researches, and his fortunate discoveries, entitled 
him. All men of science, in a country which produces 
so many, placed Newton, by a kind of acclamation, at dieir 
head." The Bemoullis on the continent were successfully 
pursuing the same studies with the illustrious English 
philosopher, and the general laws of mechanics were very 
elegantly investigated, and applied by these contemporary 
philosophers, while Machin, Cotes, Halley, and De Moivre, 
were applying themselves at the same time to similar 
pursuits. Several members of the Academy of Sciences at 
Paris, parUcularly Perrault, De la Hire, Amontons, and 
Parent, were the authors of various useful investigations 
relating to practical mechanics ; but not many of these 
were ^ven to the public till afl^r the year 1700 ; some of 
their inventions made their appearance much later, in the 
*< Collection of Machines,'' approved by the Academy; 
and some of them have been inserted in. a work published 
by Leupold, at Leipsic, under the title of ^< Tlieatrum 
Machinarum." Throu^out the whole of the last century, 
the Transactions of various societies, established for the 
promotion of science, became every year more numerous; 
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MECHANICS. 5 

and the publication of literary and philosi^hical joumak at 
Leipsic and Paris, formed a mode of communication which 
was extremely serviceable in facilitating the dissonination 
of all new discoveries. 

In our own country, we have had, during the last century, 
a great number of instances, in which practical inventi<»b 
and the most comprehensive science, have been united; 
and hence that branch of natural philosophy. Mechanics^ 
has been carried to very great perfection. It remains ibr 
us, in this division of our volumes, to give a very slight 
sketch of the leading subjects, comprehended under each 
department of natural philosophy, and then point out the 
works in which they may severally be most successfully 
studied by persons of all ages. 

Under the article Mechanics has usuaUy been included 
the consideratimi oimatter^ and suck of its properties as we 
have already enumerated, considered as the -basis of the 
science ; matter being that which acts on our senses, either 
immediately, w by the perceptible eflfects which it pro- 
duces upon other bodies : matter includes both that which 
is capable o{ being seen, by reflecting the rays of lig^t to 
our eyes ; and that which, by its transparency, is always 
invisible; such as the atmospheric air, witli which we, and 
all terrestrial bodies, are perpetuaUy surrounded, and also 
other gases, hereafter to be described. Some of the 
properties of matter, such as solidity, impenetrability, 
divisibility, mobility, and inertia, belong to all bodies 
whatever. 

We are next led to the consideration of bodies in 
moiionj and to the laws by which their motion is governed 
when accelerated^ and when retarded. In these and other 
cases, it is to be estimated by the quantity of matter which 
is moving, as well as the spaces run over ; and the velocity 
of motion is measured by the space passed over in a given 
time. We are then led to consider the changes produced 
on the motions of bodies, by the action of one or more 
forces in the same, or different directions, and in what in- 
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6 NATURAL PHILOSOPHY. 

stances the motion that i*esults from these actions is carried 
on in straight lines, or in curves of various kinds. 

TTie different kinds of attraction claim the attention of 
those who study mechanics as a branch of general philo- 
sophy, though in its application to the arts it is the at- 
traction of cohesion and gravitation that are chiefly con- 
cerned. The knowledge of the effects of forces directed 
to one point, is called the doctrine of central forces. The 
centrifugal force is necessarily the tendency that bodies 
revolving round a centre, have to fly off from it in a tan- 
gent to the curve they move in : while the centripetal force 
is that which is continually impelling towards a centre, as 
in the case oi the attraction of gravitation, whetlier that 
centre be that of the eaiihy to which all terrestriid bodies, 
and the moon likewise, have a tendency; or that of the 
sun, to which the earth and other planets, with their 
satellites, tend, and would fall, if the action of the centrifugal 
force did not counteract it. 

The principle of gravitation being established, simply as 
a general feet, the student is led to attend to a point called 
the centre of ff'ovitjfy which may be said to exist in bodies, 
and in which the whole weight of a body may be conceived 
to be collected, because if that point be supported, the 
whole body will be supported : and to the litie of direction^ 
or that path along which a body, lefl to itself, would &11 
towards the centre of attraction, whether the attracting 
body be the earth or the sun. 

These preliminary doctrines, which are amply iUustrated 
in a hundred different elementary works, being understood, 
the student goes on to the consideration of the mechanical 
powers, viz. the lever, the wheel and axle, the pulley, the 
inclined plane, the wedge, and the screw; for to these 
simple machines, all others, however complicated, may 
be reduced. We shall here describe them as bri^y as 
possible. 

The Lever is a straight bar of iron, wood, or other in- 
flexible materia], supported on, and moveable round a point. 
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MECHANICS. 7 

called the fulcninii or prop. In regard to this mechanical 
power, three things are to be considered, vis. tbe situation 
of the fulcrum by which it is supported; the weight to be 
raised, or resistance to be overcome ; and the power by 
which this is effected. 

The lever is distinguished into three kinds: 1. When, 
in the lever AB, the prop F, Plate 1. fig. 1, is placed be- 
tween the power P and the weight W. The lever is sup- 
posed capable of turning about on F, and there will be an 
equilibrium, or the two ends will balance one another, 
when the weight W, multiplied into the distance FB, is 
equal to the power P, multiplied in the distance AF. For 
two bodies will always balance one another, when their 
momenta, or quantities of motion, if they were set in 
motion, would be equal. The momentum of a body is 
always in proportion to its weight, multiplied into its 
velocity. 

Suppose AB, fig. 2, to be tlie lever, and turned into the 
situation CD, as the end A is fiuthest from the fulcrum F, 
it must have travelled over a greater space in coming to D, 
than B has in coming to C ; but the velocities are as the 
spaces passed over in the same time, therefore the velocity of 
A roust be greater than that of B: of course as much greater 
as the velocity of A is than that of B, of so much less weight 
must A be, to balance the larger weight B with a less 
velocity. If the lever be divided into twenty-eight parts, 
of which FA is twenty, and BF eight, then a weight of 
two pounds at A, will balance a weight of five pounds at B, 
because the weights and velocities taken on each side the 
. fulcrum, and multiidied together, balance each other ; for 
2x20=6x8. 

I^ instead of the weights W and P, the end B of the 
lever, fig. I, be put under a stone, log of wood, &c. and a 
man puU or press down the point A, he can, with an 
exertion equal to two pounds, or two hundred weight, 
balance a weight of five pounds, or five hundred wdght 
By a lever of this kind, the advantage gained is in pro- 
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8 NATURAL PHILOSOPHY. 

portion as the part AF is longer than FB ; if tlie propor- 
tion be as fifty or eighty to one, a man may just move a 
block of stone fifty or eighty times heavier than he could 
by his msm strength only. To this kind of lever may be 
referred all kinds of crows, scissars, pincers, candle- 
snuffers, and other instruments of the same sort, which 
are compounded of two levers of the first kind. 

2. A lever is said to be of the second kind, when the 
weight W is between the fulcrum F, and the power P, as 
in fig. 3. In this case, the weight and pow^r balance each 
other, or the lever is in equilibrium, when the power is in 
proportion to the weight, as the distance of the weight firom 
die fulcvim is to the distance of the power from it, or 
when P : W : : FA : Aa. To this sort, of lever are referred 
doors turning on hinges, oars, and such kinds of knives as 
are used by turners, patten-makers, &c. which are fixed at 
one end, thereby forming a fulcrum, while the other end is 
moved by the hand, or power ; and the body to be cut, or 
the resistance to be overcome, corresponds to the weight. 
In the case of an oar ; the blade acting against the water 
is the fidcrum, the boat to be moved is the weight, and the 
power is the hand acting at the other end of the oar. A 
pair of bellows consists of two levers of this kind. The 
fulcrum, or centre of motion, is whei-e the ends of the 
boards are fixed near the pipe, the power is applied at the 
handles, and the resistance of the air acting agunst the 
middle of the boards, may be considered as the weight. 
The rudder of a vessel acts in the same way as an oar. 

The principle of this lever shews the reason why two 
men, carrying a burden on a long pole between them, bear 
shares of the load which are to one another in the inverse 
proportion of their distances from it ; for, if the weight be 
removed to the centre of the lever x, then a person at F, 
and another at a, would bear equal weights ; but, if the 
pole be nine feet long, and the burden of a hundred and 
eighty pounds be put at the distance of four feet from one 
end, imd five feet from the other, the man at the short end 
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MECHANICS. 9 

will bear a hundred pounds, and the other man only eighty 
pounds. The same principle is applicable to the case ot 
two horses of unequal strength, which may be so yoked to 
the carriage, that each horse shall draw a weight exactly 
proportional to his strengdi ; this is done by so dividing 
the beam, that the pmnt of traction may be as much nearer 
to the stronger horse than to the weaker, as the strength of 
the former exceeds that of the latter. 

3. A lever is of die third kind, when the power P, 6g. 4, 
is between the weight W, and the fulcrum F. In this kind 
of lever, the power and weight balance each other, when the 
power is in proportion to the weight, as the distance of the 
weight from the prop is to the distance of the power from it; 
that is, when P : W : :GF : gF. 

To this sort of lever must be referred the bones of a 
man's arm : for when he lifts a weight by the hand, the 
muscle that exerts its fi)roe to raise that weight, is fixed to 
the bone about one tenth part as fiur below the elbow as the 
hand is ; and the elbow being the centre round which the 
lower part of the arm tumsi, the muscle must therefore 
exert a force at least ten times as great as the weight that 
ia raised. This lever is never used where power is required 
to be gained; for in it the intensity of the power applied 
must always exceed the intensity of the weight to be raised, 
or resistance to be overcome. Some of the wheels of 
clocks and watches act upon the principle of a lever of the 
third kind. 

In making experiments on the n^echanic powers, we must 
take care that the instruments used are perfectly balanced 
among themselves, before the wei^ts and powers are ap- 
plied. Thus the bar used in making experiments on levers, 
should have the short arm so much thicker than the long 
one, as will be su£Bcient to balance it on the prop. 

The balance, an instrument of extensive use in compar- 
ing the weights of bodies, is a lever of the first kind, whose 
arms are of equal length. The stateva, or Roman steel- 
yard, is likewise a lever of the first kind, and is used for 
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10 NATURAL PHILOSOPHY. 

finding the weights of different bodies by a single weighty 
placed at different distances from the centre of motion D) 
fig 5 ; for the shorter arm D G, exactly counterpoises the 
^onger arm D X, which is divided into as many parts as it 
will contain, each equal to D G ; the single weight P, 
suppose one pound, will serve for weighing any thing as 
heavy as itself, or as many times heavier as diere are di- 
visions in the arm D X ; which divisions are divided into 
halves, quniters, &c. for the convenience of being accurate 
to those divisions of a pound. 

The JVkeel and Axle. In this mechanical power, the 
power is applied to the wheel, and the weight drawn up by 
a rope, winding! round an axle, of course the velocity of the 
power is to that of the weight as the circumference of the 
wheel is to the circumference of the axle, and the advantage ' 
gained is in this proportion; the circumferences of circles 
are to one another in the same proportion as their radiL 
Thus, in fig. 6, tlie centre of the axis and that of the 
wheel, which is the same point, is the centre of motion, 
the radius of the wheel is the distance of the power acting 
at the circumference of the wheel, from that point ; and 
the radius of the axle is the distance of the weight from 
the same point. Hence the effect of the power is as the 
radius of the wheel ojc; and the efiect of the weight is as 
the radius of the axle o z; so that the two will be in equi- 
librio, or balance each other, when P:W ::az:ox. In 
fig. 7, we see in what way the wheel and axle is reduced 
to practice : A B is a wheel, and C D the axis ; they move 
together, and it is evident that the power applied to the 
spokes a, ft, c^ d, &c. will move through as much more 
space as the bucket W, in proportion as the drcumfo-ence 
of the circle, made by the spokes a, 6, r, d^ is laiger than 
the circumference of the axle. To this kind of machine, 
made in a thousand different wajrs, belong all sorts of cnmes 
for raising great weights, capstans, windlasses, &c. One 
of the safest and best cranes is that made by Mr. James 
White) a most ingenious mechanic at Goeport, of whidi 
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there is h full description in the tenth volume of the Trans- 
Actions of the Society for the Encouragement of Arts, &c. 

Tn calculating the power gained by the wheel and axis, 
the thickness of the rope, and also tlie number of coils, 
when they run over or upon each other, roust be taken into 
consideration, which is done by adding half the rope's 
thickness to the radius of the axle; or when there are 
several coils, over one another, as many times the thickness 
as there are coils wanting one half of one. It may be fiir- 
ther observed, that if the rope, chain, &c. be successively 
applied to wheels whose diameters continually increase, the 
axis will be turned with more and more ease, unless at the 
same time the intensity of the power be diminished in the 
same proportion, and if this be the case, the axis will al- 
ways be drawn with the same d^pree of force by a power 
continually draiinishing. Of this principle, watchmakers 
take advantages ; for in their niaditnes, the fiisee on which 
the chain is wound, is so contrived, as to present to the 
chain a series of wheels continually increasing in magnitude, 
so that in the case where the spring is strongest in its 
action, that is, immediately after it is wound, it draws the 
fusee by its smallest wheel, and as it unbends and becomes 
weaker it draws at the larger wheels ; so that the motion of 
the watch-work, which depends upon a spring continually 
diminishing in strength, is always equable. 

The Pulley is a small wheel turning on an axis, with a 
rope passing over it Pullies, though varied in their con- 
struction, may be reduced to two kinds, viz. those that are 
Jixedy and tibose that are tnoveablej or nrfiich rise and fidl 
with Uie weight. A fixed pulley, as that shewn in fig. 8, 
serves only to change die direction of the power, and gives 
no mechanical advantage whatever ; but when, besides the 
upper pullies, which turn round in a fixed frame or block, 
there is a block of pullies moving equally fitit with the 
weight, the velocity of the weight is to the velocity of the 
power, as one, to twice the number of pullies in the lower 
or moveable block ; and the power and weight balance each 
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12 NATURAL PHILOSOPHY. 

other, when the power is to the weight as one to twice the 
nutnber of pullies in the moveable block : or in fig. 9, as 
P : W : : 1 : : 4, Another kind of pulley is represented in 
fig. 11. 

In comparing the pulley to the lever with respect to the 
advantage gained, the fulcrum, fig. 10, must be considered 
as at A, the weight acts at r, placed between the fiilcrumj 
and power P, acting at D. The power therefore being 
twice as far fix)m the fiilcrum as the weight is, the propor- 
tion between the power and the weight, in order to balance 
one another, must be as two to one. The same thing may 
be proved di£Perently. Every moveable puUey, A D, hangs 
by two ropes, equally stretched, and of course which bear 
equal parts of the weight, but the rope, A B, being made 
£ast at B, half the wei^t is sustained by it; and the other 
half of the rope, to which the power is applied, has but 
half the weight to support; consequently the advantage 
gained by this pulley is as two to one. One considerable 
advantage in the pulley is, that the direction of the acting 
power may be easily changed : thus a heavy weight on the 
ground may be raised to the top of a high building by a 
person standing on the ground, and vice versa ; and by a 
change in the direction of the acting power, we are able to 
employ the power to the greatest advantage. A horse, for 
instance, cannot draw in a vertical direction, but draws with 
all his advantage in an horizontal one, changing therefore 
the direction O P, by lengthening the r(^>e, and having a 
fixed puUey at n, he becomes qualified to raise a weight 
W, firom any depth, by moving in die direction njp. In 
solid block pullies, fig. 12, invented by Mr. James White, 
the several grooves in the lower block are calculated as 
different pullies, and the advantage gained is in the same 
proportion. 

It may be farther observed, that the space passed 
through by the power, in the case of a single moveable 
pulley, as %• 10, is double the space that the weight passes 
through : in the case of two moveable pulleys it is four 
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times, and so on ; and as the velocities are as the qMoes 
passed through, the momenta of the power and weight, will, 
in the cases above described, be equal ; that is, when they 
balance one another. 

On an inclined plane^ another of the mechanical powers^ 
a weight raised or lowered, or a resistance overcome, mores 
only through a space equal to the height of that machine, 
in the time that a power impels it through a space equal to 
its whole length. Let AB, fig. 19, be a plane panllel to 
the horizon, and AD a plane- inclined to it; and suppose 
the whole length, AD, to be three times as great as the 
perpendicular DB, in which case, the cylinder £ will be 
supported upon the plane DA, by a power equal to a third 
part of the weight of the cylinder, for in this case P : W : : 
DB : AD, This mechanical power is of great use in rolling 
up heavy bodies, as casks, wheel-barrows, &&, and to it 
may be reduced hatchets, chissels, and other edged tools, 
that are chamferred off <m one side <mly. 

A wedge, in the common form, is made up of two inclined 
planes, joined together at their bases, and the thickness of 
these planes makes the back of the wedge, to which the 
power of the hammer or maUet is applied in deaving ok' 
wood : now there wiU be an equilibrium between the power 
impelling the wedge downward, and the resistance of the 
wood, or other substance acting against its sides, when the 
thickness, DO, fig. 14, of the wedge, is to the length of the 
two sides, BF and DO, or as half the thickness DE of the 
wedge, at its back, is to the length of one of its sides, so is 
the power to the resistance : or in this case P: W : : BE : 
BF. The wedge is a very great mechanical power, since 
not only wood, but even rocks can be split with it, which 
could not be effected by any of the other mechanical 
powers. 

The sixth and last mechanical power is the screw, which 
cannot properly be called a simple machine, because • it is 
scarcely ever used without a winch to assist in turning it, 
and it becomes a compound engine of very great force, 
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eitlier In pressing tlie parts of bodies closer logethei% or in 
Falsing weights. It may be conceived to be formed by cut- 
ting a piece of paper, fig. 15, into the form of an inclined 
plane, ABC, and then wrapping it round a cylinder : ttie 
edge of the paper, AB, will form a spiral line round the 
cylinder, which gives the thread of tlie screw, see fig. 16* 

It is evident that the winch must turn the cylinder once 
round, before the weight, or resistance can be moved from 
one spiral to another, as from d to c, therefore as much as 
the circumference of a circle described by the handle of the 
winch is greater ' than the interval or distance between the 
spirals, so much is the force of the screw. If the spirals be 
only at tlie distance of a quarter of an inch from one an- 
other, and the length of the winch be twelve inches, tlie 
circle described by the winch will be seventy-six inches 
nearly, or three hundred and four quarter inches, conse- 
quently three hundred and four times as great as the dis- 
tance between the spirals, therefore a power at the handle 
of lib. will balance more than SOOlbs. acting against the 
screw. Hence it follows, that the longer the winch is, and 
tlie nearer the spirals are to one another, so much tlie 
greater is' the force of the screw. 

Afler die simple mechanical powers have been described, 
and their several properties investigated and understood, 
the pupil will advance to the consideration of compound 
machines, bearing in his mind when he comes to calculate 
the effects which they are intended to produce, that there 
will always be an equilibrium when the sum of the several 
powers is to the weight, as the sum of the velodties of the 
weight is to the sum of the velocities of the powers. It 
must be recollected, however, that the above principles ap- 
ply only to the state of equilibrium ; and tliat additional 
force must be applied in order to destroy the equilibrium, 
and produce motion. This additional or preponderating 
force occasions a material change in all the conditions of 
the case, and requires new theories for understanding and 
calculating them. And he will farther bear it in mind, that 
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thougli in the theory of die mechanical powers, all plonei 
and other bodies are supposed to be perfectly smooth,* 
levers to have no weight, cords to be perfectly pliaUe, and 
that there is no friction to be overcome ; yet in practice all 
these things are to enter into the consideration, and in al- 
most every compound machine, a full third additional 
power, must be allowed for moving and working a ma- 
chine more than what is required to keep it in a state of 
equilibrio. 

On the subject of fricti<Ni, Mr., now Dr. Vince, has given, 
in vol. 75 of the Phil. Trans, a number of accurate ex-> 
periments, of which the object was to determine : 1. Whether 
friction be an uniformly retarding force. 2. The quantity 
of friction. S. Whether the fricti<m varies in proportion 
to the pressure or weight ; and, 4. Whether the friction be 
the same on whichsoever of its surfaces a body tnoves« 

In connexi<Ni with the subject of mechanics, a person 
w*tll be led to consider the communication of motion, by 
direct and oblique impact : in tlie investigation of the oen-^ 
tres of Percussion, Gyraticm, and Oscillation, lib interest 
will be excited, and if entered into deeply, his mathematical 
skill will be tried. He will perhaps make himself acquainted 
with the di£ferent kinds of mill-work, which are of great 
importance in every large manufiicturing^ country; and 
with the structure of clocks, watches, and other curious 
madiines, which always increase in number and complexity 
in proportion ta the wealth and civUizati<m of a state. In^ 
deed these sorts of articles are, with respect to wealth, the 
cause and the eflfect. The student in mechanics being con- 
versant with the elements of Conic Sections, will apply his 
knowledge to the investigation of the more complicated 
motions of Projectiles, and of Central Forces. He will alsoi 
be led to consider die properties and best mode of con- 
structing difierent kinds of pendulums. 

We shall reserve ourselves to the close of the depart- 
ment. Natural Philosophy, before we speak of those authors- 
who have treated of the several subjects collectively, and 
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only refer to a few who have given separate treatises on each 
distinct branch. 

The " Elements of Mechanical Philosophy, by the late 
Professor Robison/' published at Edmburgh, is incom- 
parably the best elementary book on tlie subject of me- 
chanics ; as it gives by far the clearest, and most el^ant 
and philosophical views of the principles of the science, of 
any work we are acquainted with : as such, therefore, we 
would recommend it in preference to any other, to a ban- 
ner in their study. Three additional volumes have been 
announced as preparing for the press by Dr. Brewster. 

" An Introduction to Natural Philosophy," by John 
Keill, D. D. was published in Latin, and has gone through 
many editions in both languages. It contains the substance 
of Philosophical lectures read at the University of Oxford 
in the year 1700 ; and is well worthy of perusal, by those 
who can afford the time, without entirely neglecting some 
treatises of more modern date. The author's mode of de- 
monstration is simple, but scientific, and in general it 
depends only upon the elements of geometry. Dr. Keill's 
first lecture shews the method of philosophizing : the next 
four treat of matter and its properties. The sixth lecture 
to^the tendi inclusive, treats o( motion, time, and place, in 
these, are descriptions and demonstrations of the pn^rties 
of the mechanical powers. The laws of nature, and their 
application to the doctrine of percussion, are discussed in 
the four following lectures. The fifteenth and sixteenth 
lectures treat of the descent of heavy bodies on inclined 
planes; of the motion of pendulums; and of projectile 
forces. In several parts of these lectures the reader is sup- 
posed to be acquainted with Conic Sections, as well as the 
common elements of Geometry : and in but a single in- 
stance his knowledge is required to extend to the doctrine 
of Fluxions. An afqpendix to the volume contains a de- 
monstration of the Theorems of M. Huygens on the central 
forces. The title to the Latin edition of this volume is 
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MECHANICS. It 

** Introductio ad Veram Physicam.'' Hence it is often 
denominated KeiU's Phjrsics. 

The book principally used at Cambridge, among the 
junior classes, is entitled ^< The Principles of Mechanics, 
designed for the use of Students in the University," by 
James Wood, B. D. It is divided into sections treating of 
matter and motion — of the laws, composition, and resolu- 
tion of motion— of the mechanical powers, centre of 
gravity, and collision of bodies —-of accelerated and re- 
tarded motion — of the oscillations of bodies, and of pro- 
jectiles. 

A more elaborate work, the performance likewise of a 
lecturer at Cambridge^ is entitled <* A System of Mecha- 
nics, being the substance of lectures up<m that branch of 
Natural PhUosophy, by the Rev. T. Parkinsm, M. A." 
This System of Mechanics is introduced by a very good 
account of the doctrine of Ratios, 

** A treatise on Mechanics, by Olinthus Gregory," in 
three volumes 8vo, is a very useful compendium of the 
mathematical doctrines on the subject, and contains besides 
a detailed account of a great number of machines of various 
kinds. 

*< The Principles of the Mechanical Powers" are briefly 
and ably stated, in a small tract by Dr. Hugh Hamilton, 
already referred to as author of a valuable treatise oh Conic 
Sections. The tract now alluded to, is one of a small 
volume entitled ** Philosophical Essays.^ It has passed 
through several editions; the third was printed in 1772. 

<* Select Mechanical Exercises: shewing how to con- 
struct difieroit clocks, orreries^ and sun-dials, on plain and 
easy principles. With several miscellaneous articles ; and 
new tables : (1) for computing the time of any new or full 
moon, (fi) For graduating and examining the usual lines 
on the sector, plain scale, and gunter. Illustrated with 
copper plates. To which is prefixed a short account of 
the life of the »athor. By James Ferguson, F.R.S." The 
title-page of this work is sufficiently descriptive of its plan 
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18 NATURAL PHILOSOPHY. 

and object* The subjects discyssed^ will be found particu- 
larly interesting to those young persons who have a taste 
for practical mechanics. The biography of the author is 
simple, but calculated to awaken the best feelings in those 
fi)r whose perusal it is evidently designed. 
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NATURAL PHILOSOPHY, 
ContinuecL 

Htdeobtatics, History of — Fluid, Definition of— Difierent branches 
of the Science — Liquids, peculiarities of— Specific Gravity -^ Gra- 
vity and Pressure of Fluids — I fyd rortagcai Pluradox — Lateral 
Pressure — Rules for obtaining the Specific Gravitifls of Bodies — 
Writers on Hydrostatics : Qotes — Vince — Parkinson* Pneumatics 
'—Of the Atmosphere and its Properties — Experiments of Galileo 
and Torricelli — The Air-Pump — Experiments. Hydeaulics: 
Pumps — Fire Engines — .to-Gim — Artificial Fountains ~- Con- 
densing Machine. Acoustics — Natureof Sound illustrated — Bdio 
— Writers on Pneumatics, &c Clare — Smeaton. Statics — Dy- 
namics — Writers : Gregory — Atwood — Wilkins. 

We trace the history of the science of Hydrostatics, and 
those which depend upon it, chiefly to Archimedes, whose 
discoveries were such as to do the highest honour to his 
genius and penetration. He was the reputed inventor of 
the mode of measuring the bulk of solids, by immersing 
them in fluids. This discovery, which to us appears so 
simple, was thought by his contemporaries, and by many 
who succeeded him in the path of philosophy, to indicate a 
degree of ingenuity almost incredible. Archimedes himself 
valued it very highly, and first applied it to the determin- 
ation of the specific gravity of Hiero's crown, whereby he 
detected the fraud of the maker, who had returned a crown 
equal in weight to the gold that was given him, but adulter- 
ated with sUver, supposing, that on account of its complicated 
Ibrm, which rendered it almost impossible to determine its 
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20 NATURAL PHILOSOPHY. 

bulk by calculation, that he would escape conviction. The 
invention of the hydrometer, which has generally been 
attributed to Hypatia, a learned Greek lady of Constanti- 
nople, has been also given to Archimedes, by a writer of 
some authority. 

The forcing pump, from which resulted the fire-engine, 
was invented by Ctesibius of Alexandria. He is also said 
to have been the inventor of the depsydra, or water-dock ; 
and of the air-gun, for throwing a ball to a great distance 
by the force of air. The ball was not then, as it now is, 
exposed immediately to the action of the air; but was 
impelled by the longer end of the lever, while the air acted 
on the shorter. Ctesibius was the son t>f a barber, and 
had his attention turned to mechanics, and the kindred 
sciences, by being employed to fit a shutter, with a counter^ 
poise, sliding in a wooden pipe, for his father's shop-win- 
dow. He was the greatest mechanic of andquity after 
Archimedes. 

Hero, a contemporary and sdiolar of Ctesibius, was the 
inventor of syphons, fountains, water-organs, and the fire- 
engine, the latter of which agrees in construction with that 
used at present : consisting of two barrels, that discharged 
the water alternately into an air-vessel. He described . 
likewise an imperfect air-pump. 

From this period little more was done in the science of 
hydraulics till the revival of letters. The Romans had 
water-mills in the time of Julius Cffisar, which are described 
by Vitruvius. They had also their aqueducts, and water- 
pipes. In the middle ages, navigable canals began to be 
multiplied, first in China, and afterwards in other parts of 
the world. About the year 1600, Galileo made the 
important discoveiy of the effects, and weight and pressure 
of the atmosphere, in the operation of suction, and other 
phenomena. Before his time it was supposed that water 
was raised by a sucking-pump, as it is called, on account of 
the impossibility of the existence of a vacuum : if, however. 
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a vacuum had been impossible in nature, the water would 
have followed the piston to all heights ; but Galileo found 
that the he^t of its ascent was limited to about thirty*feur 
Sset, and inferred that the weight of a column of this height 
was the measure of the magnitude of the atmospherical 
pressure. Torricelli, the pupil of Galileo, afterwards con- 
firmed the theory, by shewing that a column of mercury 
was only supported when its weight was equal to that of a 
column of water, standing on the same base ; hence the 
vacuum obtained by means of quicksilver, is frequently 
called the Torricellian vacuum. To the same philosopher 
we are indebted for the true principle of the spouting of 
fluids, he having shewn that a quadruple height of a head 
of water was required^ in order to produce a double 
velocity. 

About the year 1654, Otto Vbn Guericke, of Magdeburg, 
constructed a machine similar to an air-pump, by inserting 
the barrel of a fire-engine into a cask of water ; so that 
when the water was drawn out by the operation of the pis- 
ton, the cavity of the cask remained nearly a void. And 
finding that the air rushed in between, or through the staves 
of the cask, he iqclbsed'a smaller cask in a larger one, and 
made the vacuum in the internal one more complete, while 
the intervening space remained filled* with water; still he 
found that the water was forced intb the inner cask throu^ 
the pores of the wood: He then procured a sphere of 
copper, two feet in diameter ; and was exhausting it in the 
same way, when the pressure of the air crushed it with a 
loud noise. These were the beginnings of the air-pump, 
which the inventor lived tb render much. more complete; 
and he is said to have made all the principid experiments, 
which are now exhibited with that instrument. He also 
observed, that for very accurate experiments, the valve of 
the pump might be raised at each stroke by external force. 
An account of has many experiments was firsf published by 
Caspar Schott, and afterwards by himself, in his book, 
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entitled " Experimenta nova Magdebargica»" printed at 
Amsterdam, in the year 1672. 

In 1658, Hooke finished an air-pump for Mr: Boyle^ in 
whose laboratory he was an assistant : this pmnp had two 
barrels, and was afterwards improved by Haoksbee, and 
remained in common use till the introduction of Smeaton'a 
pump, which, however, has not wholly superseded it. 

About this period the Marquis of Worcester inv^ited 
the steam-engine ; at least he threw out the hint by which 
others have been able to construct the machine^ though it 
should seem from his own account, in the *^ Century 
of Inventions,'' that he had actually worked an enj^e 
himselC « 

Little was done In the way of practice with the Marqpns 
of Worcester's ideas, tfll the year 1700, when Savary con- 
structed engines on the same plan; and, in (en years after- 
wards, the piston and cylinder were invented by Newcomen : 
thes^ with the invention of Beighton's apparatus for turn- 
ing the cocks by its own motion, made the machine such as 
it remained nearly stationary for many years. 

The commencement of the modem experimental im- 
provements in hydraulics^ has been dated Srom the inves- 
tigations of Mr. SmeaCon, lespecting the effects of wind and 
water, an account of which was published in the Philoso- 
phical Transactions lor 1759; and in 1769, Mr. Watt 
obtained a patent fbr faisimpnyvements of the steam-en^e» 
which includes almost every esseiHial change that has been 
made since the time of Beighton. 

A fluid has been defined to be a body whose parts are 
put in motion one among another by any force, however 
small, impressed upon it. 

Another definition is that of Dr. Young, that a fluid is a 
collection of material particles, which may be considered as 
infinitely ismall, and as moving fi-eely on each other in every 
direction, and without firiction. 

Fluids are divided into gUuticy and fion^lastic : the former 
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are those whose dimensions are diminished by inereasing 
the pressure upon them, and increased by cBmmishing the 
said pressure ; such are atmospheric air and the different 
gases. The latter are those, whose dimensions are not, at 
least as to sense, affected by any increase of pressure; as 
is the case with water, oil, mercury, spirits, and other 
liquids. 

The science, which treats of the nature and properties of 
fluids, has been generally divided into three branches, viz. 
HydrostaticSj whieh comprises the doctrine of the equili- 
brium of non-elastic fluids ; Hydrcttdicsr^wYnx^ relates to 
the motions of those fluids r and Pneumatics^ which treats 
of the laws of the pressure and equilibrium of elastic fluids. 
It is not unusual to include all these sulqects under the 
general term of Hydrodynamics. 

. A fluid, which has no tendency to expand when free firom 
pressure, is usually considered as a liquid: such are water^ 
oil, and mercury: while the atmospheric air, chemical 
gases, and steam, are not liquids, but elastic fluids. 

The specific gravity of a- body is its weight, when com- 
pared with the weight of another body, assumed as a 
standard of comparison, but whose magnitude is the same. 
And the density of a body is as the quantity of matter con- 
tained in a given space, and is, therefore, in proportion to 
its weighty when the magnitude is the same : accordingly 
the specific gravity of a body is in proportion to its density. 

Example. A cubical inch of pure mercury is about 14* 
times heavier than the same quantity of water ; of course 
the density and specific gravity of the former are 14* times 
greater Aan those of the latter. 

What essentially constitutes fluidity is not perfectly 
known; some persons allege that the particles of fluids are 
spherical and accordingly, as ihey touch one another only 
in points,, must have very little cohesion, and must easily 
slide over each other. In reply to this, itis observed, that 
the particles of fluids are probably of the same nature or 
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figure as those of solids, because fluids and solids are per* 
petually changed into one aaother; as water into ice^ and 
solid metals into liquids by heat. Among many modem 
philosophers, it is assumed, that a certain portion of heat, 
combined in some way^ or other with bodies, occasions 
fluidity; and that the relative proportions of heat contiuned 
in fluids and solids, is the source of the difierence between 
them. 

Without, however, more particularly inquiring into the 
cause of fluidity, we shall proceed to notice the most re- 
markable properties of fluids, which are usually considered 
as the subjects of the science of hydrostatics. 

It was formerly thought that fluids did not gravitate^ in 
prqprio locOf that is, had no weight when plunged in other 
portions of the like fluids; and Mr. Cotes, a most learned 
writer, who was professor of experimental philosophy at 
Cambridge, about a century ago, took up a whole lecture to 
prove that water, and of course other fluids, do actually 
gravitate, or have weight in fluids. No one ever denied 
tibat fluids have weight in themselves, and the following ex- 
periment will prove satisfactorily that they have the same 
weight when immersed in another fluid. 

Suspend from a balance an empty bottle, corked up, but 
so loaded with shot inside, or with lead cemented to the 
outside, as to sink ; and counterpoise it by an equal weight 
in the opposite scale, when it is immersed in the water : 
then pull out the cork, so as to let the water rush in and 
fill the bottle, and the equilibrium will not only be destroy- 
ed, but it will require as much weight in the other scale to 
restore the equilibriuih, as the water in the bottle weighs. 

One of the first laws that arrests our attention, is, that 
the surface of every gravitating fluid, when at rest, is horizon- 
tal. In the case of solids, the parts are so connected together, 
as to form as it were but one and the same whole ; and, as 
we have observed in mechanics, their weight may be con- 
sidered as concentrated in a single point, called the centre 
of gravity. The case with fluids is very difierent: their 
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parts gravitate independently of each other: hence the sur- 
bee of a fluid contained in an open yessel, and at rest, is 
always level, or parallel to the horizon. 

fluids have this remaikable proper^, that they press not 
only perpendicularly in common with solids, but also up- 
wards and sideways, and in every direction. * Thi» is easily 
proved by an expmmait» Tdie a glass tube of any length, 
open at both ends, and stopping one end with the finger, 
let the other be inunersed in water. The water will be 
prevaited rising to any great hdght, by the air which is 
OKituned in it ; but if the finger be taken^away from the 
upper end, the. air within, the tube will escape, and the water 
in it will rise to a level wilh that iii the vessd, being pressed 
upwards by the surrounding water. Hence it is mferred, 
that the pressure (^ a fluid on every portion of a vessel con- 
taining it, whether at the bottom, or on the sides, is equdi 
to the weight of a column of the fluid, of which the base is 
equal to that portion and the height to its d^th below the 
8urfiu:e of the fluid. Thus, if we have a vessel, in which the 
water is one foot deep, each square fix>t of the bottom, will 
sustain the pressure of a cubic foot of water, equal to about 
1000 ounces avoirdupoise. The pressure of the water on a 
small portion of the lowest part of the side of the vessel 
conti|ining it, is also equal to the weight supported by an 
equal portion of the bottom. We cannot, however, 
estimate the force sustained by any large portion of the side^ 
without considering the different dq)ths bdow the surfiu^e : 
thus, if a hole of an inch in diameter be bored at the bottom 
of a cask, and another of the same size close to the bottom, 
the water flowing firom each will not be quite equal, because^ 
though the pressure on any one point in the side, dose to 
the bottom, is precisely equal to that <m the bottom, yet it 
is not so at the distance of an inch above the bottom. 

Again, if a fluid be conceived to be divided by an ima- 
ginary sur&ce of any kind, the particles contiguous to it 
will be urged on both sides by equal forces ; the fluid be- 
low pressing them upwards with as much force as the fluid 
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above presses them downwards ; for without this sort of 
equality of pressures, the fluid itself could not be at rest 
If we employ a vessel ABC, Fig. 1. Plate II., of such a 
form, as diat the parts x and z should occupy the place of 
any superior portion of the fluid, the pressure upwards 
against the parts x and s, thus substituted, will be precisely 
the same that would, in other circumstances, support the 
wei^t of the fluid made to occupy the vacant spaces fir 
and Hz ; -so that, as acticm and re-action are equal, though 
in contrary directions, the pressure on the bottom will be 
the same as if the parts x and z were removed, and the 
whole vessel EBCD were filled with water. Or if holes 
were bored at x and 2, the pressure of the water upwards, 
would cause it to ascend till the fluid was at a level in the 
three compartments of the vessel, with which there then 
would be a communication* 

This leads to what has been denominated^ Ae hydrosta- 
tical paradox, which is of great importance in the science 
we are now explaining, viz. <^ That a quantity of fluid, 
however small, may be made to counterpoise any quantity 
however large." This principle is illustrated in various 
ways by di&rent authors, but it will be rendered sufficiently 
evident by remarking, that if to a vessel of any size, a 
bended tube be cemented to communicate with it, and rise 
up on the outside of the vessel, and water be poured into 
either of them, it wiU rise to, and stand at the same height 
in both, consequentiy there will be an equilibrium ; and 
this will occur in all cases without regard to the shape of 
the vessels, nor does it at all signify whether the small tube 
stand parallel with the larger vessel, or whether it be in- 
clined in any angle whatever. The general, and undevi- 
ating principle is, that water in close tubes or vessels will 
always find its level ; hence this fluid, so important to man- 
hind, may be carried, by means of pipes, to any distance, 
through vBllies and over hills, provided those hills be not 
higher than the head whence it flows. 
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Another principle in hydrostatics is, that the pressure oi 
a fluid is in proporUon to its perpendicular height, and the 
base of the vessel containing it, without any regard to the 
quantity. Hence vessels may be burst, simply by fixing a 
small tube of considerable length in the top of them, and 
keying the tube filled with water ; because the pressure 
downwards, upwards, and sideways, is just as great, as if 
the vessel itself were as high as the tube is long. 

The pressure on each squaire inch of the side c^a vessd, 
or on each square foot of the bank of a river or reservoir of 
water, continually increases in descendii^ to the bottcmi. 
The sum of the pressures on all the parts of the side is 
estimated by taking the mean depth, that is, the point which 
would be the centre of gravity of the sur&ce : thus, if we had 
a cubical vessel filled with water, or any other liquid, the 
centre of gravity of each side being the middle point, the 
pressure on each of the upright sides would be half as great 
as the pressure on the bottom, that is, since the pressure 
upon the bottom is equal to the weight of the water, and 
that on one side is equal to half tlie weight of the water in 
the vessel, .of course the pressure upon the four sides and 
bottom is equal to three times the weight of the liquid. 

If two fluids are of different specific graviti^ that is, that 
equal bulks of them have difierent weights, their opposite 
pressures will counterbalance each other, when their heights 
above the common surface are inversely as their specific 
gravities, for the greater density of the one will precisely 
compensate for its deficiency in height. Thus a column of 
mercury standing at the height of thir^ inches in a tube, 
will support the pressure of a column of water, in another 
branch of the tube, thirty-four feet high, because the weight 
of thirty inches of mercury is equal to that of four hundred 
and eight inches of water. 

We shall now describe the method of obtaining the spe- 
dfic gravities of different bodies. The instrumwt, fig. 2, 
is called the hydrostatical balance ; it does not di£^ very 
much from the common balance. To the beam, there are 
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the two scalepans adjusted, which may be taken off at plea* 
sure. There is likewise another pan at or, of equal weight 
with that at z, iumished with shorter strings, and a small 
hook, so that, any body may be hung to it, and then im- 
marsed in- a vessdi of water, CD*. 

The water used- in* this operation should be quite pure, 
and of the same dl^ree of temperature, because the density 
of water dififers according to the degree of* its temperature, 
hot water being somewhat lighter than cold. For very ac- 
curate experiments the water should be distilled, and its 
temperature be aseertamed by the thermometer. The 
general rule for finding the specific gravity of a solid, 
heavier than water, as a piece of metal^ is this : ** Weigh 
the body first in air, in die usual way, then weigh it when 
it b plunged in water, note how much it loses of its weight 
in this flui(^ and dividing the former weight by the loss 
sustained,^ the quotient is the specific gravity of the body^ 
compared' with that of water.'' As an example, it is usual 
to take a gukiea, which weighs in air 1^29 grains, and when 
suspended by means of a fine horse-hair, and immersed in 
water, it is found to balance 1*2 If grainy losing of its weight 
7 J gndns ; now 129 divided by 7J, or by decimals fWf 
gives about 17 for the quotient, that is, the specific gravity 
of a guinea compared with that of water, is as about 17 
to 1. Now it is known that a cubical foot of pure watery 
in all parts of the worM, weighs 1000 ounces avoirdupoise, 
of course a cubical foot of such gold as guineas are made 
of, would we^h 17,000 ounces; by this method the specific 
gravi^ of all solids heavier than water is ascertained. In 
this way lead is found to be more than eleven times its 
weight of water, silver about ten times, cc^per and iron 
between seven and eight times, and so of other bodies. 
The principle of the above-mentioned rule is, that every 
body, when immersed in water, loses as much weight as is 
equal to ^ weight of a bulk of water of the same magni- 
tude, that is, a quantity of water equal in bulk to a guinea 
would be found to weigh 7i grains. This principle is of 
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universal i^Iicalic». Hence we see the retson why boats 
or other vessels float on water : they sink jost so low, that 
the weight of the vessel, with its contents, is eqoal to the 
quantity of water which it displaces. 

It is not necessary to give the rules tor obtaining the spe- 
cific gravities of bodies l^ter than water, or of fluids ; as 
they are described, with examples, in several of the books 
to which we shall rder, and in some of them are given tables 
of the specific gravities of almost all kmds of bodies. In 
these works also will be found accurate descriptions of 
divers instruments to illustrate the principles of hydrostatics: 
such as the hydrostatic bellows; instruments to shew the 
laws of the lateral and upward pressures, and of spouting- 
fluids; the hydrometer, and the syph<Hi used by distilkfs, 
the diver's bell, pumps, forcing and fir&^ngines, &c. are 
all explained in works treating of hydrostatics and hydrau- 
lics. To hydranlics belong not cfoly the conducting and 
raising of water, with the construction of engines for those 
purposes, but also the taws of the motion of fluid bodies, 
the nature of springs, both intermitting and others, the 
course of rivers, curraits, &c Hydrostatics explains the 
equilibrium of fluids, or the gravitation of fluids at resC 
Upon destroying that equilibrium, motion en^es, and 
here hydraulics commence. Hydraulics therefore is natu- 
rally the sequel to hydrostatics, and the generality of writers 
usually treat on both subjects in the same work. 

T^e writers we shall refer to^ independently of those who 
treat on every branch of natural philosop)iy in oonjuncdon, 
are as follow : 

^ Hydrostatical and Pneumatical Lectures, by Roger 
Cotes, A.M." This work was published after the death of 
the author, by. Dr. Smith; it possesses great mmt, and 
will, so long as science lasts, be esteemed very highly by 
its votaries. The early death of Mr. Cotes, at the age of 
thirty-three, was deplored by mathematicians as a public 
calamity. Sir Isaac Newton asserted that, had his life been 
spared, he would have proved one of the greatest men that 
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ever lived. ^ If Mr. Cotes had lived/' said this illustrious 
philosopher, '< we should have known something.** 

" The Principles of Hydrostatics, for the Use of the 
Students in the University of Cambridge, by the Kev. Dr. 
Vince,*' includes the fundamental principles of Pneumatics 
and Acoustics ; and independently of an account of the 
instruments illustrative of hydrostatics, he has given full 
descriptions of the air-pump and condenser; the ther- 
mometer, hygrometer, and pyrometer. There is also a 
section devoted to the subjects of winds, vapours, and the 
formation of springs. 

The same subjects are treated of more at large by the 
Rev. T. Parkinson, in a quarto volume entitled «* A System 
of Hydrostatics.*' This is now generally bound up with 
the System of Mechanics by the same author, to which we 
have before referred. Both works are illustrated with 
numerous engravings; and with a map of the winds, shew- 
ing their currents, and in what parts of the world the 
monsoons, the variable and the shifting winds are to be met 
with, and in what months they prevail. Another valuable 
plate gives the graduations of iifleen different thermometers, 
by which the calculations of different authors to the boiling 
point may be easily reduced to one another. The last 
chapter in the volume treats in a concise but luminous 
manner of the motion of bodies in fluids. 

PNEUMATICS. 

The science of pneumatics treats of the mechanical pro- 
perties of the air, or aeriform fluids ; such as their weight, 
density, compressibility and elasticity. 

The air is a ponderous fluid, in which we live and breathe; 
and which entirely envelopes the whole globe, extending to 
the height of from 40 to 50 miles above it on all sides. 
That it is a fluid body is evident, because all its parts are 
easily moved, and yidd to the smallest inequality of pres- 
sure : — that it has gravity is proved from the following 
considerations, l. It always accompanies the earth in its 
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path round the sun, which indicates that it is connected 
with the earth by the general force of gravity. On this 
account it is oontinnally moYing round the earth ; fiHrmingy 
in some parts where it is quite free, the trade-winds. 2. It 
is owing to its gravity that it supports clouds and vapours, 
which are constantly floating in it. We see occasionally 
balloons, to which substances of many hundred weight are 
attached; float, and even rise some miles in height in the 
air ; which proves the gravity <^ air, in the same manner, 
that floating bodies in water prove the weight of the water 
which supports them. As the water must be heavier than 
the wood that floats upon it, so the air must be heavier 
than the smoke and vapours, and other substances that 
jrise in it 

Besides this sort of reasoning, we have the most positive 
proois on the subject, deduced from facts very fiuniliar to the 
observation and apprehension of every person in common 
life. If we dose up the valve*part and nozzle of a pair of 
bellows, afler having brought the boards together and forced 
all the air out, it will be found that a great force, equal to 
some hundred pouifds, will be required to separate them, 
because they are kq>t together by the pressure of the ex- 
ternal air which surrounds them. 

If the air, by means of an air-pump, be taken from a 
glass flask, nuide with a valve for the purpose, and if the * 
flask be accurately weighed, it will be found that it weighs, 
if it be a qoan.vessd, 15 or 16 grains less when it is 
exhausted, than when it is, as all vessels usually are, full of 
air, though in common language we say such vessels are 
empty. Hence it is found that a cubical foot of air weighs 
about an ounce and a quarter. By this means we obtain 
the specific gravity of air, compared with water, the usual 
standard; for if a cubical foot of water weigh 1000 ounces 
avoirdupoise, and the same quantity of air weigh 1^ ounce; 
the former divided by the latter, gives the specific weight of 
water compared with air; thus 1000 ounces divided by 
li, or in dedmak by 1.25, and we gain as the quotient 800, 
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shewing that water is about 800 times heavier than air, at 
the temperature of 60^ 

If a glass tube, 32 inches or more in length, be closed at 
one end, then filled with mercury, and inverted and plunged 
into a vessel of the same fluid substance, the mercury will 
remain suspended in the tube, descending to some point 
between 28 and 31^ inches, according as the atmosphere 
be less or more dense ; now it is manifest, that the suspen* 
sion of the mercury is occasioned by the pressure of the- 
external air upon the surface of the mercury ; since if this 
pressure be takai away, by placing the tube and the vessel 
under the receiver, and exhausting the air, by means of an 
air-pump, the mercury will sink in the tube, and upon re- 
admitting the air, it will Instantly rise as high as it was 
before, which is an experimental demonstration of the 
weight, gravity, and pressure of the atmospheric air. This 
b called the Torricellian experiment, from the person who 
invented it; and upon this prindple depend the structure 
and use of the common barometer, because upon the 
weight of the air j which is perpetually varjring, the mercury 
rises and fiedls, indicating the probabilily of certain changes 
in the atmosphere. 

The same thing may be shewn in another way: instead 
of using a tube closed at one end, that is, hermetically 
sealed, as it is called, let it be open at both ends, but the 
upper part be accurately closed with a piece of bladder or 
parchment, the mercury will be suspended as before, and 
remain at the usual height ; but if the covering be pierced 
with a needle, so as to admit the air, the mercury will 
immediately M; for in this case the weight of the air 
presses upon the mercury in the tube, and there being now 
as much pressure on the mercury in the tube, as on ^at in 
the vessel outside the tube^ there can be no equilibrium, 
until the fluid find its level 

Having established the gravity of the air, which it pos- 
sesses in common with all other terrestrial substances, we 
shall now point out the circumstances in which it differs 
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from them, and from other fluids in particular ; these are 
as fcilomr. 

1* The pressure of the atmosphere varies at different 
altitudes above the s«r&oe of the earth. As all the parts of 
the air gravitate, or press upon each other, it is easy to 
coooeiTe, that those parts next the surfiice of the earth 
must be more compressed, and of course denser than what 
those are at some height above it; in the same manner as 
if fleeces of wo<d ware thrown upon one another to a great 
height, the fleeces towards the bottom, having aU the weight 
of what is above them, would be squeezed into a less com- 
pass than those at, or near die top. Such is the case with 
the atmoqphere that surrounds the earth* On the top of 
h^ hill% or lo% mountains, the air is finind to be of con- 
siderable less density than that at or near the level of the 
sea. The {Hrecise altitude of the atmoqpbere cannever be 
ascertained : for it may extend to an immmse distance, 
becoming raro*, in proportion to its distance from the 
earthh But as it is known that it does not refract the rays 
of the sun at a greater hdght than about forty-five miles, 
diis Aerefbre b usually considered as the limit of the 
tiensible atmoifrfiere. It has been demonstrated by Mr, 
Coles, that if the allitiides in the air be taken in arithmeti- 
cal proportion, its rarity will be in geometrical proportion: 
thus at the altitude of 

'7mile^ tbeairis 4 timesrarerthanatthesurfiKXoftheeaith: 

14 16 

21 64 

28 ^56 ' 

35 1,024 

42 4,096 " 

49 16,384 



So that at forty-nine miles above the surface of die earth, 
the air is more dian sixteen thousand tunes rarer dum at 
tfiesurfiMje. But at the surface, a quart of air weighs but 
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about fifteen or sixteen grains, of course at the hdght of 
forty-nine miles, it can weigh but the thousandth part of a 
grain. 

This calculation, however, does not take into account a 
circiunstance of som^ moment, namely, that gravitation, or 
the attraction of the earth, diminishes according to the de- 
▼ation above the surface of the earth : the diminution bong 
inversely as the square of the distance from the centra. . On 
this account, tlie altitudes which must be taken, so as to 
have the corresponding rarities in geometrical progression, 
must be such as form an harmonical, and not an arithmetical 
progression, as is the case with the first column in the 
above table. 

2. Air is elastic, or capable of compression and expan- 
sion. This is proved by the following experiments, which 
will be better understood, when the structure and use of 
die air-pump have been explained. 1. By the great ex- 
pansion of a small quantity of air in a bladder nearly empty, 
when the air is removed from the external parts under the 
receiver of an air-pump. 2. By the extrusion of a fluid 
from a glass bubble, from the expansi^ of a quantity of 
air contained in it. S. By the expulsion of the white and 
yolk of an egg, through a small hole in the little end, by 
the expansion of the air contained in the greater end. 4. By 
putting an almost emptied bladder into a small box, and 
laying a proper weight on the lid, which, on exhausting the 
air, will be ndsed up by the expansion of the air in the 
bladder. 5. Also a bladder filled with air, and just made 
to sink in water with a weight, will, upon exhaustion, soon 
rise to the top by the expansion of the contained air. 
6. Glass bubbles, and images filled with water, so as to 
make them just sink in diat fluid, ¥dU, on exhausting the 
air from the surface, rise to the top of the vessel. 7. Beer, 
cyder, water, and porous bodies, emit great quantities of 
mr under the exliausted receiver. 8. A shrivelled apple, 
when put under an exhausted receiver, will have its coat 
distended by the internal air, so as to look smooth. 9. If 
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the open end of a tube, whose other end is closed, be 
immersed perpendicularly in water, the space occupied by 
the air will be diminished, as the depth of the tube, or the 
upward pressure of the water is increased : or, if the shorter 
leg of a bent tube be closed, and mercury poured into the 
longer, the air will be compressed in the shorter leg into a 
space continually decreasing as the quantity of pressing 
mercury is increased ; and if some of the mercury be taken 
from the longer leg^ the air in the shorter will expand and 
occupy a proportionably larger space. 10. The mercury 
may be raised by the expansion of a small quantity of con^ 
fined air to the same height in an exhausted tube above the 
air-pump, as that to which it is raised in the mercurial gauge, 
by the pressure of the atmosphere below it. 

The limits of the condensation and rarefaction of the air 
have not been ascertained. Dr. Hales contrived to con* 
dense a portion of air into the fifteen hundredth part of its 
usual bulk, .which is, perhaps, the greatest degree of .con- 
densation that hfui been ascertained with experimental 
precision ; but it has often been carried to the thousandth 
degree, and in this case, air is heavier than water, thouglji 
it stiU maintains its aeriform shape, so that it cannot be, a^ 
some have supposed, only water in a different form, because 
when it is as dense or denser than water, it still retains its 
expansive powers. 

3. The elastic force of the air is equal to the force of 
c(»npression : for if the air be exhausted firom an open 
tube^, whose lower part is immersed in a vessel of mercury, 
which is subject to the pressure of a certain quantity of air 
that cannot escape, then will this air, pressing upon the 
sur&oe of the mercury, force it nearly to the same height 
as it would have been raised by the pressure of die atmor 
sphere. Besides, if the force with which the air endear 
vours to expand itself, when it is compressed, were less 
than the compressing force, it would yield still &rther to 
that fbree; if it were greater, it would not have jrielded 
so far : of course, when any force has so compressed 
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the air, that it remains at rest, the force of the air 
arising from its elasticity, can neither be greater nor less 
than the compressing force, but must be exactly equal 
to it 

4. Heat increases the elasticity of the air, and cold dimi- 
nishes it; or, which is the same thing, heat expands, cold 
condenses the air. This property is usually demonstrat&l 
by the following experiments : ( 1 .) Tie a bladder very dose, 
having in it a small quantity of air, but so that the bladder 
is flaccid : lay it in this state before the fire, and as it be* 
comes warm, the bladder is gradually distended, till at 
length it will burst But if the bladder be removed into 
a cold place it will shrivel, and become as flaccid as ever. 

(2.) If a glass, with air in it, be inverted in water, and 
then heated, the air in the upper part will expand, till it fill 
the glass, and expel the water out of it; and part of the air 
itself will follow, if the heat be continued and increased. 

Galileo, as we have seen, was the first who discovered 
that it was impossible to raise water higher than about 
thirty-four feet, by what was at that time thought to be 
suction only ; and thence he concluded, that it was not 
suction, but the pressure of the atmosphere, which was 
the cause of the ascent of water in pumps. By the same 
pressure, mercury is suspended in a tub6 to the height of 
between twenty-eight and thirty-one inches, according as 
the air is less or more dense. 

After it had been discovered that the column of mercury 
varied in height, and consequently that the pressure of the 
air was different at different times, and that the changes in 
the height of the mercury were accompanied, or quickly 
followed by alterations in tlie weather, instruments were 
manufactured for noting the changes in the atmosphere, 
which were called Weather-glasses ; and from their measur- 
ing also the weight of a column of the suriounding air, 
they were denominated barometers. These instruments, 
however varied in their external appearance and structure, 
are nothing more than tubes, of 33 or S4 inches long. 
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filled withy and inverted in cups of mercury, from which 
the air has been expelled by boiling in the tubes : a scale, 
ta note the risings and fallings of the mercury in the tube, 
is added. 

Experiments of different kinds succeeded each other, and 
it was soon found that a column of mercury 29^ inches in 
length, and standing on a base measuring a square inch, 
weighs 15 pounds ; consequently, that the air presses with 
a weight equal to 15 pounds, sometimes more, and soine^ 
times less, upon every square inch of the earth's surface; 
and as there are 144 square inches in a square foot, the 
pressure upon each square foot is equal to 2160 pounds. 
As the air, like other fluids, presses in every direction, and 
as the surface of the body of a middle-sized man measures 
about 14 feet, he must sustain, every instant of time, a 
pressure equal to about 2,160 X 14 = 30,240 lb. or 27 cwt. 
avoirdupoise. This sort of pressure, which seems almost 
inconceivable to common apprehension^ is supported by its 
equality on. every part, and by the elastic force of the in- 
ternal parts of the body, which balances the pressure that 
exists from without. But the pressure of the air may be 
made very sensible to any person, by putting his hand 
close down upon a glass receiver, open at both ends, the 
upper end being two or three indies in diameter, and then 
causii^ the air to be exhausted from the receiver, by means 
of the air-pump : the pain that he will fed from this simple 
experiment, would in a few seconds be insupportable. If, 
instead of the hand, a moistened piece of bladder be dosely 
tied on the receiver, and the air from under it be exhaust- 
ed, the pressure of the incumbent atmosphere is seen by 
the bending in of the bladder, which becomes more and 
more concave, till at length it bursts with a report equal to 
that of the discharge of a pistol. 

The last experiment leads us to explain the structure 
and use of the air-pump for experiments in this branch of 
science. Of this instrument we have the representation in 
Plate II. fig. 3. B B are two hollow brasj> barrds, each 
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<;oi]taining a piston to work up and down in thetny with a 
Talve opening upwards. The pistons are worked by means 
of the winch H, which has a concealed pinion that ills 
into the teeth of the racks C C ; these are joined to the 
ends of the pistons, and by this means they are moved up 
and down alternately. On the frame D E, is fixed a brass 
plate G, ground perfectly flat ; and in the same frame is in- 
serted a brass tube communicating with the cylinders and 
the cock I, opening into the centre of the brass plate*a. To 
exhaust or empty the glass receiver K of its air, it must 
be placed very accurately on the brass plate ; and to make 
it fit more evenly, a strip of wet leather is often put under 
the edge, though, in some cases, it will be sufficient to rub 
the rim oter with lard or soft pomatum. Having turned 
the cock I, to cut off the access of the surrounding 
air, the pistons are to bef worked by means of the winch ; 
and in a few turns the receiver will be rendered immove- 
able, until the cock I is turned back, when the external air 
will rush in with violence, and a considerable noise will be 
lieard. 

A copper Florence flask, containing a quart, may be made 
to be screwed on the brass plate at a ; and having a valve at 
tlie mouth, it may be exhausted of its air. If weighed when 
full of air, and also when it is emptied as far as the air-pump 
can perform the operation, it will be found there will be a 
difference of about 16 grains ; which proves that the quantity 
of air contained in the flask, weighs 16 grains — this weight 
will be greater or less according to the state of the atmo- 
sphere. 

The pressure of the atmosphere is most satisfactorily ex- 
hibited in the following experiment ; it being first premised 
that when the surface of a fluid is exposed to the air, it is 
pressed by the weight of the atmosphere equally on every 
part, and consequently remains at rest ; but if the pressure 
be removed from any particular part, the fluid must yield in 
that part, and be forced out of its situation. Under the 
receiver A, fig. 4. placed on the plate G of the air-pump. 
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fig. 3. introduce' ft small ^^essel «, containing a certain por- 
tion of mercury ; and through the collar B, suspend a ghiss 
tube d7, open only at the lower end. By moving the wire 
B D up and down, the tube x may be plunged into the 
mercury, but it is contrived that no air can be admitted at 
B. If the receiver A be exhausted of its air, and the tube 
forced into the mercury, the fluid will not rise in it beyond 
its level ; if now, by^tumuig the cock I, the air be let into 
the receiver A, its pressure upon the surfiure of the quick- 
silver in 2, will force it up into the tube, and omtinue to do- 
so» until the weight of the elevated quicksilver in the tube, 
press as forcibly on that portion of it which lies beneath it, 
as the weight of the air does on every other portion without 
the tube^ when there will be a perfect equilibrium. 

Anotfier experiment dependiiq; on similar principles, is 
this : Take a common syringe of any kind, and having 
pushed the piston to the fiurthest end, so as to force out all 
the air before it, immerse it into a vessel of water; then 
draw up the* piston, and the water will follow it. A common 
scpnrt, used by children, will shew this experiment as well 
as any other kind of syringe. The reason of the thing is^ 
that when the piston is pulled up, the air is drawn out of 
the syringe with the piston ; and the pressure of the atnio- 
sphere b^g removed from that part of the water imme- 
diately under it, the water in that particular part is obliged 
to yield to the pressure on Uie surrounding surfisioe. It is 
upon this principle that all diose pumps, erroneously de- 
nominated sucking pumps, act. The piston, fitting tightly 
in the inside of the barrel, by being raised up, removes the 
pressure of the atmosphere firom that part ; and conse- 
quently the water follows the piston, by means of the pres^ 
sure on the other parts of the surfiu^e. 

HYDRAULICS. 
Th£ pump to which we have just alluded, is one of the 
most common and useful of hydraulic engines : there are 
three kinds,^called by the workmen in that branch of busi- 
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nesS) the sucking^ li/iingy and forcing pumps. By the last 
two, water may be raised to any height, with a {Hooper ^ 
apparatus, and requisite power ; but by the sucking-pump, 
for reasons, that have been ahready explained, it can be 
raised only S3 feet from the suriace of the water, into which 
it is plunged ; and in practice it is rarely f^splied to the 
raising of water more than from 25 to 28 feet, lest from the 
occasional lightness of the atmosphere, its action should be 
impeded. 

The common or sucking-pump, as it is called, consists of 
a pipe open at both .ends, see fig. 5, in which a moveable 
cylinder or piston works, by means of a handle not shewn 
in the figure. The piston C, is contrived, by leather, or 
other methods, to be air-tight, that is, not to admit the 
air to pass by the edge into the lower part of the pipe. In 
the piston there is a valve, a^ opening upwards, to allow the 
air and water from below it to ascend, and at the same time 
prevent either tram descending. The pipe AB, usually 
consists of two parts, of which the first AD, is called the 
barrel, and is larger than the lower D B, called the suction- 
pipe. At D there is fixed a valve or, opening upwards like 
that at a, and for the same purposes. The lower end of 
the suction-pipe B, is immersed in the water, which is adr 
mitted through small holes, to prevent the entrance of 
dirt ; and at the upper part of the working barrel is a wide 
head A, and a spout E, for the exit of the water when.il 
is raised. 

The mode of its operation is as follows : Tlie piston. Cj 
is pushed down close upon the valve *, both valves remain- 
ing shut by their own weight If the bucket C, be drawn 
up, a vacuum will be formed under it, of course the air in 
z will open the valve j:, and fill the part between D and C, 
which had been exhausted ; and as the quantity of air that 
was before in z, is now equally diffused through the whole 
space from B to C, it will be much rarer than it was 
before ; and not being equivalent to the pressure of the air 
on the surface of the water u?, the water will be forced up 
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into the sucdcm-pipe, as hi^ as Zy perhaps, until the air 
within be as dense as it was before, that is, till the*pre8snre 
within the barrd is equivalent to that of the atmosphere 
without; and there it will remain, things being now in 
equilibrio. Upon depressing the piston a seomid time, the 
same eflkct is produced; and after three or .four strokes, 
the water will be brought up into the head A, and be 
carried off by the pipe £. Now, by alternately raising and 
depressing the piston, the efiect is produced, and the water 
continues flowing out ; for every time the bucket is raised, 
the valve x rises, and the valve a foils; and at every time 
the piston is depressed^ the valve a is raised, and x foils. 
This is. the most usefol pump in domestic affiiirs, and is 
seldom out of order when in continual use, being quite 
simple in its construction, and acting widiout any complir 
cated machinery. If left to get dry, the leathers of the 
valves, and about the piston, are q)t to shrink, so that the 
water will not follow it: in this case, water must be thrown 
in at £, in order to cause the leathers to sweU, making 
them again air-tight, or fit close. This, in . the country, 
is caUed fetching the water, as if one portion of fluid was 
sent down to bring the rest up. 

The lifting^pump is shewn at fig. 6. It consists of a body 
or barrel AB, at the lower end of which is a valve a, open- 
ing upwards as before. In the barrel is a sqlid piston P, 
perforated, and having upon it a valve by likewi^ opening 
upwfrds. This piston is moved up. and down by a rod, 
worked with a handle.or other means. The piston and the 
lower, valve are supposed to be under the surfoce. of the 
water in the well ; and when the piston is pushed down, 
the water below.it not being able to go downwards, on 
account of the valve a, raises the valve in the piston, and 
gets above it ; and when the piston is drawn up, it lifts all 
the water above it, while the pressure of the atmosphere 
causes more water to supply its place by raising the valve a. 
Thus by - successive motions of tlie piston, the water is 
lifted to the top, and discharged into the head, whence; it 
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flows off by the spout. In this pump, the water raised h 
always equal to a column, whose base is equal to the top 
of the piston, and whose altitude is equal to the distaaoe 
from the piston to the head. • This kind of pump is much 
used in water-works, and like the last is very simple in its 
operation. . 

The fbrcin^pumpis represented by fig. 7. It consists 
of a barrel AB, and a piston, or former C. There are 
likewise two fixed valves, one at D, and the other at S, 
so disposed, as to permit the water to rise freely, but to 
prevent its return. When the forcer is first moved 
upwards in the barrel, the air between that and the water 
below having room to dilate, by its natural spring, will be 
rarefied: the water will rise in AB, and after a few 
strokes, fill the cavity between E and S; and as it cannot 
escape downwards by the lower valve at D, it will by the 
pressure of the piston, or plunger, C, be forced through 
the valve at S ; that valve, which shuts of itself, being so 
made that the water cannot return. By every fresh, stroke^ 
more water is raised and forced into the vessel W V. This 
vessel b closed at top, and made air-tight by the pipe T /, 
which reaches nearly to the bottom of the vessel. When 
the water rises in this vessel above T, the lower end of the 
pipe^ the air which is above the water in the vessd^ being 
now confined, will be condensed into a smaller space by the 
admisaiorf of more water* at each action of the pisUm ; 
and pressing by its elasticity upon the surfiice of the ipiter* 
which cannot return by the valve S» forces it up the pipe T, 
in a continued stream. The air vessel, must, in pnq^r- 
tion to the other parts of the machine, be so large, that 
the change of bulk of the compressed air, during the 
inaction of the piston, may be inconsiderable, otherwise 
its action on the water will not continue steady till the 
next stroke. 

Fire>engines, air-guns, fountains, and many other instru- 
ments, derive their efficacy from the elasticity of condensed 
air. The following is a description of a common engine 
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for extinguishing houses and other buildings, when on fire. 
It is composed of two barrels, in each of which a solid 
piston is worked by 'means of a double lever, one piston 
descending and the other ascending at the same time. 
These barrels are fixed in a vessd of water, with which they 
communicale by valves, opemng into them ; and they also 
communicate with a strong vessel, by means of pipes, ter-* 
minated by valves opening into it If either of the pbtons 
be raised, the water rushes out of the receiver throu^ the 
valve ; and the piston, being now depressed, forces the 
water into the vessel connected with the pipe : by repeated 
strokes of the pistons, the water in that vessel condenses 
the air above it; the elasticity of which, by pressing upon 
the surface of the fluid, is sufiici^it to force it in a continued 
stream through a pipe of any length. 

In an air*gun, just behind the ball, which is placed at the 
bottom of the barrel, is a cavity, terminated at both ends by 
valves opening within it ; and in the stock is a condenser or 
forcing syringe, by which air is forced into this cavity ; and 
when it is sufficiently condensed by repeated strokes of the 
piston, the valve, next the baU, is opened by the trigger, 
and the force of the condensed air expels the ball with a 
velocity proportioned to the condensation of the air. Arti- 
ficial fountains are constructed on this same principle. 
Suppose a vessel to be constructed like the part of the air 
vessel, fig. 7, W X!2n, and the water filled up to T, so 
that the pipe T/, may dip a certain way into it. By 
means of a condensing machine, which will be immediately 
described^ air is forced in dirough tlie pipe T /, into the 
water ; but being lighter than that fluid, it will ascend into 
the part WTn; the quantity of air that may be thus 
thrown in, can only be limited by the strength of the mate- 
rials. When filled, and while the condensing syringe is 
removed fix)ra tj the stop cock a, may be turned to prevent 
the water from escaping till a proper jet is put on at / ,- 
when the cock a, may be again opened, and the water will 
rise to a great heiglit, or nmy be made to pass in any form 
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that shall be, thought proper. , If it is sent up in a perpen- 
dicular stream^ it will be seen that its height is continually 
diminishing, because as the water flows out, the part Wy is 
enlarged, and the air, occupying a larger space, is more 
rare, and the pressure is much diminished. 

In fig. 8, we have a representation of a condensing ma- 
chine: it consists' of a brass barrel containing a piston, 
which has a valve opening downwards ; so that as the pis- 
ton is raised, the air passes through the valve ; but as the 
piston is pushed down, the air capnot return, and is, there- 
fore, forced through a valve at the bottom of the barrel, 
that allows it to pass mto the receiver B, but prevents 
it from returning. Thus, at every stroke of the piston, 
more air is thrown into the receiver, which is made of very 
thick and strong glass, and the receiver is held down upon 
the plate C, by the cross-piece D, and the screws E and F. 
The air is let out of the receiver by means of the stop-cock 
constructed with a tube that runs to C. 

If the clapper of a bell is made to strike in condensed 
air, the sound is much stronger than when it is struck in 
air of ordinary density. A common glass phial exhausted 
of its air, and which would, from its curvature, bear the 
common pressure of the atmosphere, may be broken to 
pieces by sufficiently condensing tlie air round it. . 

ACOUSTICS. 

When bodies move in elastic fluids, they condense that 
part towards which they move, at the same time that the 
part from which they recede is rarefied. This condensation 
and rarefaction must produce an undulatory moticm in the 
fluid : so. that if a body, by percussion, be put into a tremu- 
lous motion, every vibration of the body will excite a wave 
in the air, which will proceed in all directions. The sensa^ 
tion excited, by waves thus formed, which enter the ear, 
and produce a like motion .in a thin membrane stretched 
across the auditory passage, is called sound. Hence it is 
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assumed, that the cause of sound is propagated JTrom the 
sounding body, by the motion of the air. Tliis proposition 
is thus proved: 1. The perception of sound, without tlie 
actual impulse of matter upon thie organ of hearing, never 
takes place, except in diseased states of the organ, and it 
must, therefore^ be conveyed by some intermediate body. 

2. The sound of a bell, included under a receiver, is weaker 
when the air is rarefied, and stronger when it is condensed. 

3. A strong receiver, such as that represented in tig. 6, 
filled with common Mr, in which a bell was suspended,' was 
fastened down in the way there represented, so that none 
of the included air could escape, and then covered over with 
a much larger receiver, and the ur, contained between the 
two, exhausted ; in this case the sound of the bell when 
struck, could not be heacrd, which proved that sound cannot 
be transmitted through a vacuum : the air being re^admitted 
between the receivers, the sound was heard. 4. That tlie 
motion is communicated by the sounding body to the con- 
tiguous air, is quite evident from the visible motion of small 
particles of dust floating in it; and in the vicini^ of very 
loud sounds, as those ptodoced by the discbarge of artillery, 
the surfiu^e of any contiguous standing water is sensibly 
agitated, and ev^ the glass of the neig^bonriDg windows 
has occasionally been broken. 

All sonorous bodies are elastic, which is proved by the 
following circumstances. 1. If f^ass, bells, &c. be covered 
with a little dust, tb&i parts will, from the tremulous mo- 
tion of the particles of the dust, be seen to move when they 
are struck. 2. This motion is observed in water, or other 
fluids, contained in a glass vessel, when its edge is made to 
emit sound by friction. It is well known finom experiment, 
and has been established by mathematical reasoning, that 
in the same state of the atmosphere all sounds whatever ar- 
rive at the ear in equal times, from sounding bodies at equal 
distances. The comnion velocity is at the rate of 1142 
English feet in a second of time : hence are easily ascer- 
tained the distances of ships, or other objects : thus, if a 
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gun be fired from a ship in distress, and the report is heard 
at an interval of 5, 8| or 12 seconds after the flash is seen, 
as the passage of light, in such small distances, may be con- 
sidered as instantaneous, the distance of the vessel may be 
estimated at 5X1,U2, or 8X1,142, or 12X1,142 feetfrom 
the observer. 

When aerial waves meet with an obstacle which is hard, 
and of a regukr surfiM^e, they are reflected ; and conse- 
quently an ear placed in the course of those reflected waves, 
will percdve a sound similar to th^ original sound, which 
will appear to proceed from a body situated at the sam^ 
distance behind the plane of reflection, as the real sounding 
body is before it. This reflected sound is called an ecko* 
From this property of reflection, it is fbuiid that sounds ut- 
tered in one focus of an eUipse, are transmitted to the other 
ibcus; but though the loudest echo be produced when the 
sounding body is in one focus of an ellipse, and the hearer 
in the other, yet edioes will be heard in other situations^ 
when a sufficient niinbef of reflected p|ilses arrive at tlie 
ear to excite a distinct perception. ^ A speaker may o&en 
hear the echo of his own voice, when the reflecting obstacles 
are properly situated. On thb subject, the following pro- 
position has been stated. 

If the pulses of any sound, propagated from a sounding 
body, or centre. A, fig. 7) strike against a number of obsta- 
cles C, D, £i &C. and the sum of the lines drawn from A 
to each obstacle, and from each obstacle to a second point 
B be equal, an echo will be heard, provided the interval AQ 
be about 127 feet less than AC + CB. For each of the ob- 
stacles C, D, £, F, &c. will be a new centre of pulses, and 
one series of each will pasis through B ; and since by the na- 
ture of an ellipse AC + CBj AD + DB; AE + EB, &c. 
are all equal to each other, the pulses propagated from A to 
C, D, E, &c. and thence to B, will arrive there at the same 
time, and concur in producing a perception of sound. Now 
it is asserted by Musschenbroek, that the ear of a well ex- 
ercised musician can distinguish only such sounds as succeed 
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each other about 9 times in a second of time ; and conse- 
quently two sounds at a less intenral than the ninth part of 
a second of time must coalesce and form one single sound. 
But the undulations which produce sound, as we have seen^ 
describe 1,142 fieet in a second, therefore ^^^=127 feet 
nearly, is the space they pass over in the ninth part of a 
second; and consequently if AB be less than' AC+CB by 
127 feet, two distinct sounds will be heard at B. 

Again, the common rate of clear articulate speaking, if^ 
said to be at the rate of three syllables and a half in one 
seoond,or seven half syllables in a second; and as sound moves 
at tlie rate of 1 142 feet in a second, if the echo arrive at 
the ear of the speaker after 1, 2, S, 4, &c. half syllables are 
pronounced, it is clear that the space described by it will be 
~-\ — Y^i — Y — ' ^^^ consequently the distance of the 
reflecting object will be half of this fraction. 

In an elastic tube, one of whose orifices is very small, 
and the other very large, the sound of a human voice, ap- 
plied to the smaller orifice^ will be augmented in a* particu- 
lar direcdon. For the lateral expansion of the air is 
diminished by the sides of the tube, and of course the direct 
expansion and velocity of the included air must be increased. 
Every point of the tube against which the air is impelled, 
has a tremulous modon, and becomes a new centre for pro- 
pagating the pulses, which, striking against the ear at the 
same time, must produce a great increase of sound. Again, 
as the diameter of the tube perpetually increases, and th^ 
parts of it vibrate in directions perpendicular to the surface, 
the vibrations will pardy conspire in impelling the particles 
forward, and thus increase their velocity, on which account 
the intensity of sound ought to be increased. Such seem to 
be the principal causes of the augmentation of sound in the 
speaking trumpet, and that figure for the instrument is to 
be preferred, in which their combined influence is the 
greatest. 
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Besides the works on Hydrostatics, Pneumatics, '-&c. 
which have been already mentioned as elementary, we may 
notice the third and fourth volumes of the ** Scientific 
Dialogues," which are adapted to students of the lowest 
capacity* Also <^ The Motion of Fluids, natural and ai> 
tificial, in particular that of the Air and Watery &c. by Mar- 
tin Clare/' This volume includes, like almost all others on 
the same subject, an illustration of the doctrines of Hydro- 
statics and Pneumatics : under the former, tlie nature and 
motion of fluids, as water, in pipes, pumps, syphons, fire- 
engines, water-works, &c. are explained iii a very easy and 
familiar manner. In this part of the work, likewise, there 
are ample descriptions of several hydrostatical instruments, 
and explanations of tlie method of finding the specific gra- 
vities of all sorts of substances, whether solid or fluid. In 
the second part of the volume, the pressure and gravity of 
the air are exhibited by convincing and appropriate experi- 
ments. The barometer and the air-pump are particularly 
described, and we have some useful observations on the 
effects of the air's pressure, — on the art of diving, — and 
on various pneumatic instruments* Although this work has 
been published nearly fourscore years, it may be recom- 
mended as a safe guide to students in these branches of 
science, in connexion with the works of Vince and Parkin- 
son ; and they may again be directed to the first of Dr. 
Hamilton's Essays, referred to at the end of the article 
Mechanics, which contains a number of simple experiments, 
that may, for the most part, be easily repeated without 
much trouble or expence. 

Mr. Smeaton's " Experimental Inquiry concerning the 
natural Powers of Wind and Water to turn Mills, &c." 
published in 1794, contains much' useful matter depending 
upon Mechanical and Hydraulic principles ; such as (1) the 
result of twenty-seven sets of experiments upon the power 
of under-shot wheels, together with maxims and observations 
deduced from them : (^) a variety of expeiiments upon over- 
shot wheels, from which (taking for granted that tlie experi- 
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aients of s^ able an engineer, as Mr. Smeaton, are quite 
accurate) it appears that the effect of over-shot wheels is 
doable that of under-shot : and (3) an account of wmdmill- 
sails, widi experiments upon sails of different structurest 
positions, and quantities of surfiice. 

Hitherto, in treating of the topics connected with Natural 
Philosophy, we have referred to works, and to subjects that 
are merely elementary, such as will satisiy the tyro in his 
first steps ; and having proceeded so far, he will scarcely 
stand in need of more particular directions, his knowledge 
now will be a sufficient guide to him in his abstruser in- 
quiries, and he will ascend to the more general doctrines 
included by philosophers under the tei^m Statics. Elemen- 
tary treatises, generally speakin;^ are confined to the consi- 
deration of the equilibrium of bodies, and the circiunstances 
necessary for producing it. 

Every kind of work, which is to be' performed by a 
machine, may be considered, abstractedly, as a retarding 
force ; the impulses of water and wind, which are employed 
as moving powers, act by means of pressures which they 
exert on the impelled point of the machine ; and the machine 
itself may be considered as an assemblage of bodies move- 
able in certain limited circumstances, with determined 
directions and proportions of velocity. From these consi- 
derations, mechanicians have inferred an abstract condition 
of a body acted on by known powers. And they have 
found, says a writer on this subject, that, after all the 
conditions of equilibrium are satisfied, there remains a 
surplus of moving force. They can accordingly state the 
motion which will ensue, the new resistance which .this 
will excite, the additional power wliich this will absorb ; 
and they have, by a particular mode of reasoning, de- 
termined a new kind of equilibrium, not thought of by 
antient writers on this subject, between the resistance 
to the machine performing work, and the moving power, 
which exactly balance each other, and is indicated, not 
by the rest, but by the uniform motion of the machine. 

YOU II. E 
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In the same manner, mathematicians haTe beoi enabled 
to calculate that precise quantity of motion of water, which 
will balance the superiority of pressure, by which the 
fluid is forced through a sluice, a pipe^ or a canal, with a 
constant velocity. Thus the general doctrine of forces has 
come to be considered in two points of view, according as 
they balance each odier in a state of rest or motion. These 
two ways of considering the same subject require difierent 
principles, and a difFerent mode of reasoning. The first has 
been named Sialics^ as expressmg that rest which is the test 
of this kind of equilibrium. The second has been deno- 
minated Dynamics^ or Universal Mechanics, because the 
difierent kinds of motion are characteristic of the powers or 
forces which produce them. The science of statics there* 
fi>re^ is preparatory to the study of mechanics in this 
enlarged view of it, and is the fbundaticMi of many usefiil 
parts of knowledge, which have been thus enumerated^ 
1. It comprehends the doctrine of the excitement and 
propagation of pressure, by which the energies of machines 
are produced. A pressure, for instance, is exerted on the 
impelled point of a machine, such as the float-boards or 
buckets of a mill-wheeL This excites a pressure at the 
pivots of its axle, which acts on the points of suj^ort ; 
a pressure is also excited at the acfing-tooth of the cog^ 
wheel, on the same axle, by which it urges round another 
whed, and so on to others, and by these means a preS'* 
sure is ultimately excited in the working point of a 
machine. The science of statics teaches how to find die 
intensities and directions of all these pressures, and how 
much remains at the working point of the machine un^ 
balanced by resistance. 2. It comprehends every circum-* 
stance which influences the stability of &eavy. bodies 
the investigation and properties of the centre of gravity 
the theory of the construction of arches, vaults, and domes 
and the attitudes of animalis. S^ The strength of materials, 
and the principles of construction, so as to make the proper 
adjustment of strength, to the supposed strain, in every part 
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of the machine, &c. In practice, therefore, statics furnish 
what may be called a theory of carpentry, and aflTords in- 
structions for framing floors, roo6, centres, &c. 4. This 
branch of science comprehends the whole doctrine of the 
pressure of fluids, whether liquid or aeriform, whether arising 
from their weight, or from some external action. Hence is 
derived a knowledge ofthe stability of ships, and their power 
of maintaining themselves in a steady and upright position^ 
in opposition to the action of the wind on their sails. On 
these and other topics of the like kind, the reader may be 
referred to *' A Treatise of Mechanics, Theoretical, Prac- 
tical, and Descriptive, by Olinthus Gregory, LL.D ." in 
6 vols. 8vo. The,^^ contains the theory of Statics, Dy- 
immics. Hydrostatics, Hydrodynamics, and Pneumatics ; 
and the second contains Remarks on the Nature, Construc- 
tion, and Simpligcation of Machinery ; on Friction, the 
Higidi^ of Cords, First Mover;;, &c. with descriptions of 
many curious an4 usefiil machines. To this we shall add 
^ A Treatise on Rectilinear Motion and the Rotation of 
Bodies, &c. By 6. Atwood, F-R«S." which contains a 
variety of topics that will claim the attention of those who 
have advanced beyond the mere elements of this branch 
of science. 

*^ Mathematical Magic, or the Wonders that may be per- 
formed by Mechanical Geometry, &c. by John Wilkins, late 
bishop of Chester.** 

The author of this entertaining work, informs us that the 
reason ofthe title. Mathematical Magic, was because the art 
of such mechanical inventions as he has described, had been 
usually attributed to the power of magic. The Jlrst book is 
entitled Archimedes, in honour of him, to whom is to be 
jchiefly assigned the invention of the mechanical powers. 
The second, he styled Dadalm, after him, who is distin- 
guished among the ancients for his skill in making automata^ 
or self-moving engines, and for reducing to practice the 
mathematical principles of philosophy. 
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The enumeration of the various contents of these books 
would require a larger space of our work than can be 
allowed to a single treatise; it will be sufficient to inform 
the reader that they are all interesting, and cannot fail to 
afibrd real entertainment to persons who have a taste for 
subjects of this kind. 
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CHAP. Ill- 



NATURAL PHILOSOPHY, 

Con$inued* 

Optics, Principles of — Nature of Light — Refraction of the Rays 
of Light — Refle'kion of Light — Different Refrangibility of the Rays 
of Light — The Rainbow — Vision and Structure of the Eye — Oij- 
tical Instruments — Microscopes — Telescopes — Camera ' Obscure 
— Magic Lantern — Phantasmagoria — Writers on Optics. 

1 HE science of Optics so importaiit to the purposes of 
life, is a mixed mathematical science; has for its object 
the investigation of die mechanical properties of light, 
the laws o( the phenomena it exhibits, the applicatiop of 
these laws to practical purposes in the construction of in- 
struments calculated to improve our. vision. It enables us 
to understand the manner in which vision is performed in 
tlie eye; it traces the several modifications or alterations 
which the rays of fight undergo in the diiierent parts of 
that organ ; and shews why objects appear, under different 
circumstances, of different magnitudes, sometimes more 
distinct, sometimes confused, sometimes nearer, and some- 
times more remote* In this comprehensive sense, the 
science of Optics is considered by Sir Isaac Newton. 
The history of the science has been detailed by the illus- 
trious Priestiey, in a large quarto volume, which has gene- 
rally been considered as one of the most interesting of bis 
numerous works. In a small compass, such as the nature 
of this work would admit, it would be scarcely possible to 
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include a sketch even, of the history^ that would be intel-^ 
ligible* We shall, therefore, proceed to explain merely 
some of the fundamental principles of the science, such as 
the nature of light, the laws of refraction and reflexion, 
the nature of vision, and the structure of some of the com-* 
moner and more useful instruments. 

Q/* the Nature of Light. — It is generally conceived, 
though the subject does not admit of demonstration, that 
Ught consists of inconceivably small particles, -flowing with 
amazing velocity, in all directions, from the luminous or 
radiant body. This theory of light appears the most 
simple of any, and serves to explain all the phenomena of 
vision ; and, therefore, has, by the majority of writers on 
the subject, been assumed as true. 

The velocity with which light moves, was first observed 
by M. Roemer, who ascertained that it travelled from the 
sun to the earth, a space of 95,000,000 of miles, in about 
eight minutes, that is at the rate of about 200,000 miles \xx 
a second of time. This fact was inferred from the follow- 
ing circumstance : the eclipses of Jupiter's satellites, happen! 
sometimes sooner and sometimes later than the times giveil 
by the tables, according as the earth is nearer to^ or farther 
finom that plaDet. Thus, when the earth is at C, PI. III. 
fig. 1, between the Sun and Jupiter, his satellites are seen 
eclipsed about eight minutes sooner than they would be, 
according to the calculated time, which is given for the 
mean distance of the planet ; but when the earth is in the 
opposite point of the orbit, D, these edipses happen eight 
minutes later than the same tables predict them. Hence 
it was inferred that the motion of light is not instantane* 
oils, but takes about sixteen minutes to pass over a spacef 
equal to the diameter of the earth's orbit, which is about 
oiie hundred and ninety millions of miles in length. I^ 
therefore, the sun were to be annihilated, at any one in-* 
stant, we should see him, as we now see him, eight minutes 
after that event happened. Hence, it is easy to calculate 
how long light is travelling to us from the moon, the other 
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planets, and even firom the fixed stars, if their distances 
could be ascertained. The distances of the latter are, in* 
deed, immensely great, so that fix>m the nearest of them, 
suppose Sinus, the dog-star, light must take years even to 
travel lo the earth ; and- it has been conjectured by some 
philosophers, that there are stars sb remotely situated with 
respect to the solar system, that the light flowing from 
them, ever since the creation, and travelling at the rate of 
200,000 miles per second, has not even yet reached the 
earth. 

Since the velocity of light is so greats it is jusdy in* 
ferred, that its particles must be almost infinitely small, or 
dse the oigans of vision would be destroyed by their im- 
pulse upon them. The velocity and minuteness of these 
particles are not more a matter of wonder, than the rarity 
of the fluid ; for its rays appear to cross each other in all 
possible directions, without the least apparent disturbance. 
Thus, we can see through a very small pin-hole^ in a piece 
of paper, a great varie^ of objects at the same time. Now 
the light proceeding from these otgects must pass at the 
same instant through the hole, in a great variety of direc- 
ticm^ before Aey arrive at the eye, yet the vision is not in 
die least disturbed by it. 

Again, if a lighted candle be set, in a dark night, upon 
an eminence, it may be seen all round to the distance of 
half a mile ; so that there is no place within the sphere of 
a mile in diameter, in which the eye can be placed, where 
it will not receive some rays firom the flame of this candle. 

Another circumstance respecting the rays of light is, 
that they move always in straight lines, as is evident by the 
impossibility of seeing through a crooked tube. 

As Hght proceeds fiK>m a centre, its intensity decreases as 
the square of the distance from the luminous Ixxly in- 
creases; that is, at twice the distance from the luminous 
body, an object will be enlightened only one-fourth as much 
as it was before; and at three times the distance only one- 
ninth as much, and so on. 

£ 4 
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By a ray of light is meant the motion of a single snc^ 
cession of particles in the same line of direction, and this 
motion is represented by a straight line. 

Any parcel of rays proceeding from a point, is called a 
'pencil of rays. By a medium is meant any pellucid or 
transparent body, which suffers light to pass through it. 
Thus air, water, and glass, are media. 

Of "Refraction. — Where rays of light, after passing 
through one medium, on entering another medium of dif- 
ferent density, are bent out of their former course, and 
change their direction, they are said to be refiraeted. Thus 
Sa, (Fig.l.* Plate IIL) is a ray which, when it enters 
the medium A B, instead of proceeding in the same di- 
rection, ati, it b made to move in the direction ax. 

If the rays of li^^t, after ^lassing through a medium, 
enter another of a different density, perpendicular to its 
sur&ce, they proceed through this medium in the same 
direction as before, thus the ray represented by Pa, pro- 
ceeds to bj in the same direction. But if the ray enter ob- 
liquely to the surfiice of a medium, either denser or rarer 
than that in which it moved before^ it is made to change 
its direction, in passing through that medium. Of this 
sort of refitiction there are two cases. 

1. If the medium, which the ray enters, be denser, it 
moves through it in a direction neof^er to the perpendi- 
cular drawn to its surface. Thu$, S a, supposed to be in 
air, upon entering the denser medium, A B, glass, or water, 
instead of proceeding in the same direction, is bent into the 
direction, a jr, which makes a less angle with the perpen- 
dicular, Pi. 

2. When a ray of light passes out of a denser into a 
rarer medium, it moves in a direction fiirther from the per- 
pendicular. Thus, if jra were a ray of light passing 
through glass or water, AB, it will, on arriving at the 
rarer medium, move in the direction a S, which makes a 
greater angle with the perpendicular. . Refraction is greater 
or less, that is, the rays are more or less bent or turned 
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aside from their course, according as the second medium, 
through which they pass, is more or less dense than the 
first. Thus light is more refiracted in passing finom air to 
glass, than from air to water, because glass is two or three 
times denser than water. 

The refraction of light is thus shown ; take an empty 
basin into a dark room, make a small hole in the window- 
shutter, so that a ray of light may proceed to the bottom at 
a given point : mark this spot ; then, without disturbing 
any thing, pour water into the basin, and the ray, instead 
of proceeding to the point marked, will be bent out of its 
first direction, and be found at another point nearer the 
side. 

In rq)eating the experiment, if a piece of looking-glass 
be laid at the bottom of the basin, the light will be reflected 
from it ;, and will be observed to suffer the same kind and 
degree of refiraction, in going out, as in coming in, only in 
a contrary direction. 

If a few drops of milk be put into the water so as to take 
away its transparency, or if dust be raised in the room by 
sweeping a carpet, &c., the rays will be rendered much 
more visible. Another experiment is shown on this sub- 
ject, and may be repeated very easily : put a shilling into 
an upright basin or pan when empty, and let a person who 
is to observe the experiment walk backward, till he just 
lose sight of the money behind the side of the vessel. Now 
pour water into the basin, and the observer will see the 
shilling most distinctly, though neither he nor it has been 
removed from their places. 

Parallel rays of light are such as move always at the 
same distance firom each other : such are those represented 
at a bj &C., ^. 2, Now if these frdl upon a glass plano- 
convex lens, that is, a lens, one of whose sides is flat, and 
the odier convex, they will be so refiracted as to unite in a 
point, Jl behind it, called the Jbcus, the distance of which 
from the centre of the glass, is called the iocal distance, 
which is nearly equal to the diameter, or to twice the radius 
of the sphere, from which the lens is supposed to be cut 
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When parallel rays, A B, fig. S, fiiU upon a glass double 
convex lens, that is, a lens, both of whose sides are convex, 
they will be refiracted so as to meet in a focus, f^ whose 
distance is nearly equal to the radius, or the semi-diameter 
of die sphere from which it is taken. 

It is evident from the figure, that all the rays of the sun 
which &11 upon the sur&ce of a convex lens are collected 
at the focus y*; of course the force of all their heat is 
collected into that part, and is in proportion to the common 
heat of the sun's rays, as the area of the glass is to the area 
of the locus. As the one may be 10, or 100, or 1000 
times larger than the other, the heat at the focus may be 
10 times, or 100 times, or 1000 times greater than it is at 
the surfitce, which points out the cause why glasses of this 
shape are used, and act as burning-glasses. ' 

All the rays on each side the central one cross that cen-* 
tral ray, and diverge from it to the contrary sides, in the 
same manner as they converged in coming to it. And if 
another glass, FG, of the same convexity as A B, be 
placed in the rays at the same distance firom the focus, it 
will refinct them so^ that, after going out of it, they will be 
all parallel, and proceed in the same manner as they came 
to the first glass A B ; but on difierent sides of the middle 
ray, as may be seen by tracing their progress in the figure^ 

Since rays diverge from a radiant point as firom a princi*- 
pal focus, if a candle be placed at^ in the focus of the 
convex glass FG, the diverging rays in the space Fy*G 
will be so refiracted by the glass, that, after going out of it^ 
they will become parallel, as is shown in the figure. If, 
however, the candle be placed nearer the glass tlum its focal 
distance^ the rays will diverge, after passing through the 
glass, more or less» as the candle is more or less distant from 
the focus: but if it be placed fiirther firom the glass than its 
focal distance, the rays will converge after passing through the 
glass, and meet in arpoint, which will be more or less distant 
fi^m the glass, as the candle is nearer to or iarther fiK>m its 
focus ; and where the rays meet, they will form an inverted 
image of the flame of the candle. This may be made evident 
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by placing a piece of paper at the point where the rays meet^ 
see fig. 4 and 5. 

If an object^ ABC, fig. 6, be placed beyond the fixsua F^ 
of the convex glass def^ some of the rays, which flow finom 
every point of the object, on the side next the ^ass, will 
fidi upon it ; and after passipg through it, they will be con- 
verged into as many points on the opposite side of the {^ass, 
where the image of every point will be fi>nned9 and conse- 
quently the image of the whole object, which will be invert 
ed. Thus the rays hdy A^, A/, flowing firom the point A, 
will converge in the space daf: and by meeting at a, an 
image will be formed there of the point A. The rays Bif^ 
B^, ^ flowing firom the point B, will be united at h^ and 
those fix>m C at r, aild so of all the intermediate points 
between A and C. If the object ABC be blt>ught nearer 
to the glass, the picture a&<; will be removed to a greater 
distance; fi>r then, mol^ rays flowing fiK>m eveiy single 
point, will fidl more diverging upon the glass ; and ther^ 
fore cannot be so soon collected into the corresponding 
points behind it If the distance of the object ABC be 
equal to the focal distance of the glass, the rays of each 
paicil will, as ^^t haVe seen^ be so refiracted by passing 
through the glass, that they will go out of it paralld to 
each other, and then there Will be no picture fi>rmed. But 
wheie a picture is fi>rmed, it will be as much larger or 
smaller than the object, as its distance fiK>m the glass is 
greater or less than the distadoe of tbe olyect ; so that if 
ABC be the object cba will be the picture; or if c&a be 
the object, ABC will be the picture. 

When paraUel rays, as adcc?,&Ci^fig. 7, pass throu^ a 
concave glass lens, as AB, they will diveige, a&ifthey had 
come fi:oia a radiant point x% in the centre of the convexity 
of the glast: this point is called by writers on Optics, the 
imaginary or virtual focus« Thus the ray a, after going 
through the ^ass will on coming out at ^, go on in the line 
gi ; and the ray; & in the direction mn^ and so of the rest. 
The central ray c, fidlbg perpendicularly upon the middle 
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of the lens, suflers no refraction in passing through it ; but 
goes on in the same rectilinear direction, as if no glass had 
been in the Way. If the lens had been concave only on one 
side, and the other side quite flat, the rays would have 
diverged, after passing through it, as if they had come 
from a radiant point at double the distance of x from the 
lens ; that is, as if the point had been at the distance of a 
whole diameter of the glass's convexity. 

Of Reflection. — Def. 1. When rays of light strike 
against a sur&ce, and are sent back again from the surface, 
they are said to be reflected. 2. The incident ray is that 
which comes from the luminous body, and fells upon the 
reflecting sur&ce, as E D, fig. 8, and B A is the reflected 
ray. 3. The angle of incidence, is that which is contained 
between the incident ray BC, and a perpendicular B H 
to the reflecting sur&ce at the point of reflection, viz. CBH. 
4. The angle of reflection is that contained between the 
said perpendicular H B, and the reflected ray B A, viz* 
HBA. 

When a i*ay of h*ght falls upon any body, it is reflected, 
so that the angle of incidence is equal to the angle of 
reflection ; this is the fundamental fact upon which all the 
properties of all kinds of mirrors depend. If, for instance, 
a ray of light from the sun S, fall upon the mirror ED, 
at the point B, it will be reflected into the line BA; 
because the angle CBH is equal to the angle ABH, or 
what is the same thing, the arc ei is equal to the arc ur, 
which are the measures of the angles just named. 

When the parallel rays ab^ Cdjef fig. 9, fall upon a 
concave mirror AB, they will be reflected back from the 
mirror, and meet in a point m, at half the distance from the 
surfece bdfj of the mirror, from C, the centre of con- 
cavity : for they will be reflected, at as great an angle from 
the perpendicular to the surfece of the mirror as they fell 
upon it, with regard to that peipendicular, but on the other 
side of it. Let C be the centre of the concavity of the 
mirror AB, and let the parallel rays a &, C (/, e/j fall upon 
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the points b djl Draw the lines Cb, Cd, and C^ from 
the centre, and these will be perpendicular to the surface 
of the mirror, because they proceed to it as so many radii 
from the centre to the circumference of a circle. Now if 
the angle C ^ m be made equal to the angle Cba^ bm will 
be the direction of the ray a b, after it has been reflected 
from the point b of the mirror. The same thing will occur 
with regard to the ray eji which will be reflected along the 
Ime/m. The ray Cmd passing through the centre of the 
concavity of the mirror, &Us upon it at d : and being per- 
pendicular to it, is therefore reflected back in the same line 
dm C : so that all these rays meet in the point m, and the 
same thing would hi^pen to all the rays flowing from any 
object between the rays a b and ef^ provided they are not 
very oblique to the sur&ce of the mirror ; so that an image 
of the object would be formed at m, which point, as has been 
observed, is distant from tlie mirror by a line equal to half 
the radius cf nt C of its concavity. 

The rays, which proceed from any celestial object, may 
be esteemed parallel at the earth, and therefore the images 
of that object will be formed at 9it, when the reflecting 
surfiice of the concave mirror is turned directly towards 
the object Hence the focus of the parallel rays is not in 
the centre of the mirror's concavity, but halfway between 
the surface of the mirror and the centre. 

The rays, which proceed from any remote terrestrial 
object, are nearly parallel at the mirror, but not strictly so ; 
they come to it diverging in separate pencils, or, as it were, 
bundles of rays from each point of that side of the object 
which is next the mirror : they will, therefore, not con- 
verge to a point at the dbtance of half the radius of the 
mirror's concavity from its reflecting surface; but to 
separate pomts, at a litde greater distance from the mirror: 
and the nearer the object is to the mirror, the farther these 
points will be from it; and an inverted image of the object 
will be formed at these points, which will seem to be 
pendant in the air, and will be seen by an eye placed be- 
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yond it (with respect to the mirror), in all respects like the 
object, and as distinct as the object itsdf. This may be 
thus illustrated. Let A B, fig. 10, be a concave mirror, 
and M. £ represent any remote object, from every part of 
which rays will proceed to each point of the mirror, that is, 
from the point M rays will flow to every point of the 
mirror, and so they will firom E, and from every point 
between these extremities. We shall consider the case 
with regard to the point M, and take only three rays to 
prevent confusion, these are M A, M c and MB, and C is 
the centre of concavity of the glass. If C A be drawn to 
the glass, it will be perpendiciilar to it at the point A, 
and firom what has been said, the angle M A C is the angle 
of incidence ; and as the angle of reflection is always equal 
to the angle of incidence, the angle CAx must be made 
equal to MAC, and the line A^ must be produced. 
^cCmade with the ray M^ and perpendicular Cc, is 
another angle of incidence^ to which Ccx, made equal to 
it, is the angle of reflection. Again, MBC is another 
angle of incidence, to which CBuis the angle of reflection. 
Now the reflected rays A x, cs;, and Btt being produced, 
cut each other in the point in, which is the point at which 
the image of the extremity M of the arrow will be fbrmedt 
The same might be shewn of every other part of the object 
M £, the image of which will be represented by e m, which 
is at a greater distance from the glass than half C r, or the 
radius. It will be observed, that the image is inverted, and 
less than the object. And generally when the object is 
more remote finom the mirror than its centre C, the image 
will be less than the object, and will be situated between 
the object and the mirror : when the object is nearer than 
the centre of concavity, the image will be more remote 
firom the mirror, and larger than the object: thus if me 
were the object, the image would be at M E, for as the 
object recedes firom the mirror, the image fq^proaches nearer 
to it; and as the object approaches nearer the mirror, the 
image recedes &rther fi-om it : all which circi^mstances ar^ 
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dearly demongtnfted in the works to which we shall havvt 
occasion to refer. 

If the ol]gect be exactly in the centre of the mirror^s con- 
cavity, the image and.object will be coincidoit and equal in 
bulk ; but if a person place himself directly before a large 
concave minxMr, but fiuther from it than the centre of 
concavity, he will see an inverted image of himself in the 
air, between him and the mirror, but the image will not 
be so large as himself. If he hold out his hand towards 
the mirror, the band of the image will come out towards 
his hand, till th^ meet, and appear as it were to shake 
hands. If the hand be extended farther, the image will 
pass by his hand, and come between it and his body ; and 
if the hand be moved a little towards either side, the 
hand of the image will move towards the other ; so that 
whatever way the object moves, the image will move the 
contrary way. 

Several other experiments of this kind will be found 
described by almost all writers on this branch of sciences 
The following may be mentioned, as very easy to be 
performed. 

Take a bottle or decanter partly full of water, with. a 
cork or stopper in it, and place it opposite a concave 
mirror, but beyond its focus, in order that it may appear 
reversed ; then stand still &rther distant than the bottle^ 
and it will appear in the air inverted, and the water, which 
is really in the lower part of the bottle, will appear to be 
in the upper, in the space which is really occupied by the 
air. If now the bottle be inverted, .the water will appear 
to occupy the lower part of the bottle. When it is in this 
inverted state, uncork it; and while the water is running 
out, the image appears to be filling, but the illusion ceases 
as soon as the bottle is empty. 

The i^pearance of these images in the air, between the 
mirror and object, has been productive of many agreeable, 
and not a few disagreeable deceptions ; which, when, ex- 
hibited with art, and with an air of mystery, have been 
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very successful, and a source of profit to public exhibitors : 
hence a person has been desired to look into a glass, and a 
sword, or death's head, has appeared to dart out of it. 
Of the different RefrangibilUy of . the Rays of Light. 

1 . Rays of light are said to be difierently refrangible ; when 
at the same or equal angles of incidence, some are more 
turned out of the way during their refraction than others. 

2. Light is called homogeneous, that is, of the same kind, 
when the rays are all equally refrangible ; and heterogeneousy 
that is, of different kinds, when some of the rays are more 
refrangible than others* 3. The colours of homogeneous 
rays are all primary or simple colours. 4. The rays of the 
sun are not all equally refrangible, and those rays, which 
have a different degree of refrangibility, have likewise 
a different colour, as may be shown by die following 
experiment. 

If a beam of light SF, fig. 11, from the sun pass into a 
dark room through a small hole F, in a window shutter 
EG, and be received upon a plain sur&ce, a white round 
image O will be seen; but if a glass prism ABC, be so 
placed as to receive the beam of light, the rays of this 
beam, from their refraction in passing the prism, will be 
turned upwards; and the refracted image FT will be 
oblong, having its breadth equal to the diameter of the 
circular picture. If the rays were equally refi*acted 
upwards, the refraction wpuld not change the form of tlie 
picture. Hence it is naturally inferred, that as the re- 
fracted image is oblong, it must be formed by rays differ- 
cndy refitmgible, which fisdl with equal angles of obliquity 
upon BC, the first side of the prism, but that some of 
them are in refiraction turned more out of the way than 
others; those rays which go to P, the upper part of the 
image, being the most refrangible ; and those which go to 
T, the lower part, being the least refrangible. This 
oblong image is made up of seven diflerent colours, in the 
following order, beginning witli those that are most re^ 
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frangible ; viz. violet, indigo, blue, green, yellow, orange, 
and red. 

To prove that ttie prismatic image is produced by the 
difiPerent refirangibility of the rays, and by no other cause, 
let a second prism be placed beyond the first, at right an- 
glear to it. The rays passing tlirough the second prism are 
refracted sideways ; those which were most refracted up- 
wards by the first prism, are most refracted sideways by the 
second; but the rays not being spread in breadth, the 
image remains of the same form. 

Homogeneous light is refiracted regularly without any 
alteration of the rays. For, by experiment, it is seen that 
when the rays of any colour in an oblong image, as the 
green, or the red, are separated fi*om the rest, in the way 
described above, and some of these rays are transmitted 
through a small hole in a thin board, and refiracted by a 
prism placed on the other side, the image formed by these 
rays after refitictioh are not to be oblong, but circular. 

The confiised appearance of objects seen through refract- 
ing bodies, is owing to the di£ferent refrangibiUty of light. 
In illustration of this fiu;t, the following experiment is noticed. 
Small objects placed in a sun-beam, and viewed through a 
prism, will be seen confiisedly; but if they be placed in a 
beam of homogeneous light separated by a prism, they wUl 
appear as distinct through the prism, as when viewed by the 
naked' eye. 

The colours of homogeneous light can neither be changed 
by refitiction nor reflection. If a beam of homogeneous 
light pass through a round hole, in a piece of pasteboard, 
and are then refracted by a prism on the other side, the 
colour of the rays will remain the same. Vermillion viewed 
in homogeneous red light, will be red ; but if placed in 
green, or in any other homogeneous light, it will take the 
colour of the rays that fidl upon it. 

The whiteness of the sun's light arises from a due mix- 
ture^of all the primary colours. For if the oblong picture 
PT fig, 11, be received by a convex lens, the rays, which 
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were separated at FT, will, by passing through the lens, be 
collected into a focus, and form a round image of the sun 
upon a piece of paper or other substance. This image, 
formed of all the primary rays, is white. That the white- 
ness of the image is owing to the due mixture of all the sorts 
of rays, appears from this circumstance, that if any of the 
colours be intercepted at the lens, the image loses its white- 
ness. 

Water, glass, air, and other transparent substances, when 
drawn into thin plates, become coloured, as the following 
experiments will evince. 1. If a soap-bubble be blown up, 
and set under a glass, so that the motion of the air may not 
affect it ; as the water glides down the sides, and the top 
grows thinner, several colours will successively appear at 
the top, and spread themselves from thence in rings down 
the side of the bubble, till they vanish in the same order in 
which they appeared. At length a black spot appears at 
the top, and spreluis till the bubble bursts. 2. If a piece of 
plain polished glass be placed upon the object-glass of a 
telescope, and the interval between them be filled up with 
water, as the glasses are pressed together, the same colours 
arise at the point of contact, and spread themselves in cir- 
cular rings round that point in the same order as in the 
soap-bubble. 3. A convex and concave lens, of nearly the 
same curvature, being pressed closely together, exhibit rings 
of colours about the points where they touch. Between the 
colours there are dark rings, and when the glasses are very 
much compressed, the central spot is dark. 4. Two pieces 
of plate-glass wiped dean, and nibbed together, will soon 
adhere with considerable force, and exhibit various ranges 
of colours. 

From these and other experiments of the like kind, it 
appears plain, that the colours of bodies depend in some 
d^ree upon the thickness and density of the particles that 
compose them : and if the density or size of the particles in 
the sur&ce of a body be changed, the colour is likewise 
changed. Sir Isaac Newton, from a great variety of es-- 
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periments on light and colours, concluded that every sub- 
stance in nature, provided it be made sufficiently thin, is 
transparent: thus gold, when reduced to very thin leaves, 
transmits a bluish green light And Mr. Delaval, who has 
investigated the subject very successfully, has shown that 
colours are chiefly exhibited, not by reflected, but by trans- 
mitted light. See Memoirs of the Manchester Philosophi- 
cal Society, Vol. IT. 

Some )x>rtion of light is reflected from every surface of a 
body, or from every different medium into which it enters. 
Thus transparent bodies reduced to powder, and water in 
the shape of froth, appear white, which is no other than a 
copious reflection of light from all the sur&oes of the minute 
parts, and from the air interposed between them. 

The Sainbam is a meteor in form of a party-coloured 
arch, of semicircle, exhibited only at the time when it rains, 
and is always seen iq that point of the heavens which is <^ 
posite to the sun, and it is occasioned by the refraction and 
reflection of his rays in the drops of falling rain. There is 
likewise, though not always distinctly visible, a secondaiy, 
or much fainter rainbow, investing the former at some dis- 
tance. This beautifril phenomenon has engaged the atten- 
tion of persons in all ages, but the cause of it could not be 
ascertained till the discoveries concerning the division of 
the rays ci light into their primary colours, were made. ' 
- The doctrine of the different refrangibility of light enables 
us to give a reason for the size of a bow of each particular 
colour. All the phenomena of the rainbow are explained 
in elementary works according to the principles of Sir Isaac 
Newton. To these works we shall refer, mentioning in this 
place only the facts upon which the phenomena depend. 

1 . When the rays of the sun fall upon a drop of rain, and 
enter into it, some of* them afler one reflection and two re- 
fractions, may come*to the eye of a spectator, who has his 
bock turned towards the sun, and his face towards the rain. 
Of the. rays of light reflected from a drop of rain coming to 
the eye, tliose are called effectual, which cai\ excite a sens- 
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ation ; and they will not be eflectual, when they come out 
of a drop of rain, unless they are parallel and contiguous. 

When the sun shines upon the drops of rain as they are 
falling, the rays that come from those drops to the eye of 
the spectator, after one reflection and two refractions, pro- 
duce the primary rainbow, which is never larger than a 
semicircle. 

When the sun shines upon the drops of rain as they are 
fiiUing, the rays that come from these drops to the eye of a 
spectator, after two reflections and two refractions, produce 
the secondary rainbow. The colours of the secondary rain* 
bow are fainter than those of the primary rainbow, and are 
ranged in the contrary order. For the primary rainbow b 
produced by such rays as have been only once reflected, the 
secondary rainbow is produced by such rays as have been 
twice reflected. But at every reflection some light is lost, so 
that the more frequently the rays are reflected, the fewer of 
them are left to excite a sensation in the eye ; therefore the 
colours of the secondary bow are produced by fewer rays, 
and consequently will be fainter than the colours of the pri- 
mary bow. 

In the primary bow, reckoning from the outside of it, the 
colours are ranged in the following order : red, orange, yel- 
low, green, blue, indigo, violet. But in the secondary bow, 
ttsckoning from the outside, the colours are reversed, and 
are ranged : violet, indigo, blue, green, yellow, orange, and 
red. So that the red, which is the outermost or highest 
colour in the primary bow, is the innermost or lowest colour 
in the secondary one. 

Another and a very important property of light, which 
has recendy been discovered by Mr. Malus, is its suscepti- 
bility of being polarized by reflection. The laws of this 
curious property, of which it would be impossible to con- 
vey a dear idea in a work of this nature, have been pro- 
secuted with indefatigable labour, and considerable success 
by Dr. Brewster, of Edinburgh, and M. Biot, of Paris. 

(jf the Eye, — Having described ' the nature of the re- 
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fraction of rays of light, as performed by different kinds of 
lenses, we shall show* the effects produced by the several 
parts of the eye intended for vision. 

The eye is of a globular form, and composed of three 
coats or teguments, one covering the other, and enclosing 
three different substances called humours. Fig. 1 2, repre- 
sents a section of the globe of the eye, the three concentric 
circles representing the three coats. The external coat, 
which is represented by the circle ABCDE, is called the 
sderotica, of which the front part C jt D is perfectly trans- 
parent, and is called the cornea^ beyond this towards B and 
E it is white, viz, those parts that are called the white of 
the eye. 

The second circle represents the choroides^ which encir- 
cles the eye entirely, excepting at the small opening usually 
called the pupil of the eye, that is, the space through which 
the rays of light pass on to the back of the eye, caUed the 
retina. The choroides is distinguished into two parts, of 
these the larger portion, which is not visible, is peculiarly 
denominated the choroides ; and the front, viz. that part 
which is blue, or grey, or black, or brown, in different eyes, 
is called the iris. The iris is composed of a sort of net- 
work, which contracts or expands according to the force of 
the light to which the eye is exposed. In a very strong 
light the iris is enlarged, and the pupil becomes small ; in 
the dusk, or in a darkish room, the iris contracts, and the 
pupil becomes large, in order to admit all the light that can 
be had, the iris being perfectly opaque, and admitting no 
rays through it. 

The third coat, represented by the inner circle, is called 
the retina^ so named from its net-work form : it serves to 
receive the images of objects produced by the refraction of 
the different humours of the eye. From the hinder part of 
the eye, but not in the centre, proceeds the optic nerve A, 
which conveys to the brain the sensation produced upon 
the retina. Before, however, we come to speak of the man- 
ner of vision, which is dependent on sensation, we shall 
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describe the three humours, as they are called, included 
\?ithin the coats ; these are the aqueous, the ctystalline, and 
the vitreous humours. 

The aqueous is much more of a fluid than the others : it 
is, in comparison of those, thin and clear like water, and it 
fills up all the front part of the eye under the cornea ; viz. 
the part distinguished by the letters cxebai the lens-like 
igexifd is the crystalline humour enveloped by the aque- 
ous humour in front, and by the vitreous humour on the 
back, which fills up all the space zdf%. Fig. IS, is the 
representation of the eye as it is seen in the head, in which 
cA and r B represent the cornea^, ac and ah the iris 
that encircles the pupil x. 

Of the way in which Vision is perforrned. — As every 
point of an object to which the eye is directed, sends out 
rays in all directions, some rays, fi*om every point on the 
side next the eye, will fall upon that part of the cornea 
between a and h\ and on passing through the pupil and 
humours of the eye, they will be converged to as many 
points on the retina of the eye, and will form on it a dis- 
tinct picture of the object. This is chiefly done by means 
of the crystalline humour, which is, and which acts com- 
pletely as a double convex lens. There is no doubt that 
objects become visible to ^e eye, by the impression which 
their images thus painted on the retina of the eye excite, 
and which is carried by the optic nerve A to the brain, 
where it gives rise to the sensation. 

Of Spectacles, and their Uses. — Many persons, it is well 
known, are defective in the organs of sight; the defect may 
arise fix)m disease or the malformation of the parts of the 
eye. Some eyes are too flat, others are too convex, in 
some, the humours just described lose a part of their trans- 
parency, and on that account, a deal of light that enters 
the eye is stopped, and lost in the passage, and every object 
appears dim. 

Spectacles are intended to remedy the defects of sight, 
whether arising from a too great or too small degree of 
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conyexity. When the eyes are too flat, convex lenses are 
made use of; and if the eyes are abeady too convex, the 
defect may be remedied by concave glasses. 

The property of a convex lens is, as has been shown, to 
cause the rays of light to converge sooner than they would 
without its intervention. In eyes that are flatter than they 
ought to be, the rays do not converge when they reach the 
retina, and on that account objects are seen confused ; but 
by the interposition of a convex lens, they are made to 
converge exactly at the ri^t place. The property of a 
concave lens is to cause the rays to diverge, and it is use- 
ful to those persons whose eyes are too round ; for to them 
the rays of light naturally converge to a point before they 
reach the retina: but as sensation is excited by means of 
the image on the retina only, such persons cannot see those 
objects, the rays from which converge before they reach the 
retina, llie rays do not however stop, but cross each 
other, and will excite confused sensations, such as will not 
convey the idea of distinct vision, because they are not 
brought to a focus on the retina: a concave lens by caus- 
ing the rays to diverge, prevents them from converging till 
they arrive at the retina. 

Of Optieallnstruments. — ITie microscope is an instru- 
ment intended to examine small objects. The human eye 
cannot distinctly view an object that is nearer to it than 
about six inches ; and since there are very many objects, 
which at that distance appear either as points, or are wholly 
imperceptible, whatever instrument will render such minute 
objects visible and distinct^ is called a microscope. 

Microscopes, in common language, are said to magnify 
the apparent magnitude of the objects which are seen 
through them. The apparent magnitude of objects is pro- 
portional to the angle under which those objects are seen 
by the eye. Hence an object at the distance of half a mile, 
will appear twice as large as it would if it were at a mile's 
distance ; because the angle, which it makes at the eye, is 
twice as large in the one case as in the other. Upon the 
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same principle, if, at the distance of six or seven inches, 
we can but just discern an object, and then by interposing 
a lens, or other body, we can view that object as if it were 
at a smaller distance, the object will appear as much larger 
through the lens than it did to the naked eye, as its appa- 
rent distance from the lens is less than its dbtance was from 
the eye. That this is the case will be evident from the cir- 
cumstance, that the same thing will happen, if instead of a 
lens, a piece of brown paper with a small hole, made with 
a pin, or needle, be interposed between the object and the 
eye. If the eye be brought within an inch or two of a 
book, it will be impossible to distinguish the letters ; but if, 
at the same distance, it be examined through a ver)' small 
hole in a piece of dark-coloured paper, the letters will not 
only be visible, but apparently very much magnified. This 
would not be the case if the print were seen through the 
same hole at the distance of six or seven inches from it. 

There are three kinds of microsc<^es, viz. the single, the 
compound, and the solar. Each of which has its peculiar 
advantages. The single microscope consists of one lens, by 
means of which a great number of rays, proceeding trom a 
point, become united ; and as each ray carries with it the 
image of the point from whence it proceeded, all the rays 
united must form an image of the object ; and the more of 
these rays that are united, the brighter will the object iq>- 
pear. The single lens removes the confusion that invari- 
ably accompames the appearance of objects when seen very 
near by the naked eye ; and it magnifies the diameter of the 
object in proportion as the focal distance is less than the 
limit of distinct vision, which may be reckoned from six to 

The lens used in a single microscope is always double 
convex, and the focal distanx^e of a double convex lens is 
equal to the radius of convexity. If therefore in a common 
reading*glass the focal distance be two inches, and the limits 
of distinct vision be reckoned eight inches, it will magnify 
objects four times, because the power of the single convex 
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lens may be odculated by dividiDg the distance of distinct 
vision by the naked eye^ by the focal distance of the lens, 
that is, in this case^ 1 = 4. If the focal distance were i 
or i of an inch, then the magnifying power would be faund 
by dividing 8 by ^ or i ; bnt to divide a whide number by 
a fraction, is to multiply the said number by the denomW 
nalor of the fraction, dius S-r-i^ 92^ and 8 ^ f = 64, 
of course lenses of these descriptions are said to magnify 
32 and 64 times. Hence it appears, that die smaller die 
focal distance of the lens, the greater is its magmfying 
power; and Dr. Hooke has asserted in his ''Microgra- 
pUa,'* that he has made lenses so small as to render objects 
visible, of which a million times a million would hardly be 
equal to the bulk of a grain of sand. 

One of the most common compound microaoopes is re- 
presented in %.14; cd is called the obfectrglass, and e/^ 
the eye-^lass. The object ab is placed somewhat frrthcr 
from ed than its principal fi>cu8, so that the pendb of 
rays flowing from the ^tiflEerent pohnta of the object, and 
passing through the ^ass, may be made to conveige and 
mute at so many points between^ and A, wher^ the iauge 
4^ the object will be ibnned. Tliis image, therefbte, and 
not the oigect itself is viewed by the eye-g^ass e/i which 
is so placed that the image gh may be in the fi>ca8, and 
the eye at about an equal distance on the other side ; the 
rays of each pendl will be parallel after going out of the 
eye-ghss, as at e and Jj till they come to the eye at i; 
by the humours of which, already described, they will be 
omveiged and collected into points on the retina, and form, 
the large inverf^ image AB. 

The solar microscope consists of a looking-^jlass SO 
withoutside a window, the lens a 6 in the shutter xzy and 
the lens nm within a darkened room. These three parti 
are united to, and placed within a brass tube. The look- 
ing-glass can be turned by the adjusting screw, so as readily 
to receive the incidental rays of the sun r^resented by 
S, S, 5, and reflect them throu^ the tube into the cooool 
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The lens ab coUects those rays into a focus at nmy where 
there is another lens : here the rays cross, and diverge to 
the white screen on which the image of the object will 
be painted. 

Microscopes are varied in their construction, but it is 
sufficient in this work to explain the general principles, 
leaving our readers to investigate the minutiae in the works 
to which we shall shortly refer them. 

Of Telescopes. — ^The telescope is an optical instrument 
for viewing^ as the word imports, distant objects. This 
instrument is considered as one of the noblest and most 
useful that was ever invented by human ingenuity. By 
means of it, in its present improved state, and in the hands 
of the celebrated Herschel, the wonders of the heavens have 
been discovered, and astronomy brought to a degree of 
perfection of which former ages could have had no con- 
ception. 

Telescopes are either refracting or reflecting: Xhe former 
consist of different lenses, through which objects are seen 
by rajrs refracted, and sent to the eye; and the latter of 
specukt and lenses, from and through which, the rays are 
reflected and passed to the eye. The lens next the object 
is called the object-glass; and that next the eye is called 
the eye-glass; and when the telescope counts of more 
than two lenses, all but that next the object are usually 
denominated eye-glasses. 

As in the microscope, so in telescopes, the leading ch». 
racteristics depend upon this principle, <* that objects appear 
larger in proportion to the angles which they subtend at 
the eye;" and die effect is the same, whether the pencils of 
rays, by which objects are visible to us, come directly from 
the objects themselves, or fit>m any place nearer the eye, 
where they may have been united, so as to form an image 
of the object; because they issue again from those points 
in certain directions, in the same manner as they did from 
the corresponding points in the objects themselves. All 
therefore that is effected by a telescope^ is first to make 
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Budi an image of a distant object, by means of a lens or 
mirror, and then to give the eye some assistance for viewing 
that image as near as possible; so that the angle, which it 
subtends at the eye, may be very large, compared with the 
angle which the object itself would subtend in the same 
situation. This is done by means of an eye-glass, which 
so refracts the pencils of rays, that they may afterwards 
be brought to their several foci by the natural humours of 
the ^e. 

There are several kinds of telescopes, distinguished by 
the number afid form of their lenses, or glasses, and deno- 
minated frequently from the particular uses to which they 
are chiefly applied: thus we have terrestrial, and celestial 
or astronomical telescopes, according as they are applicable 
to land objects or to the heavenly bodies : we have likewise 
the Galilean and the Newtonian telescopes, so named from 
the inventors ; and we have the refractmg, the reflecting, 
and the adiromatic tdescopes. 

The common refracting telescope consists of two tubes 
and two glasses : the tubes are intended for the purpose of 
holding the glasses^ and for confining the boundary of the 
view. Let AB, fig. 16, represent the eye of an observer, 
m n the eye-glass, and g h the object-glass : xy is the object 
to be viewed. In this figure, the eye-glass is a double 
ocmcave lens, because the convex lens of itself would con- 
verge the rays too quickly, and bring them to a ibcus in 
the eye at £ instead of at the back of the eye on the retina^ 
and thus render the object confused ; besides, by coming 
to a fi)cus at E, the image is very small, in comparison of 
what it is when formed on the retina. By examining the 
figure, it will be seen that there are two pencils of rays 
flowing from the extremities of the object : the rays of the 
pencil, that proceed from ;r, go on diverging till they reach 
the convex lens g A, when they will be so refiracted by 
passing through the glass, as to converge and meet in the 
point, in the eye, x. The same may be said of the pencil 
of rays that proceeds from the pointy, and likewise of all 
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the pencils of rays flowing from the object between the 
points X and y ; so that the image of the arrow would, by 
the convex lens^ be formed at E. If there were no otlier 
glass, the rays would cross each other at that point, be- 
come divergent, and there would be no distinct image 
formed; but every point would be spread over a large 
space, and the image would be confused. To prevent this, 
the concave lens is interposed, and the pencil of rays, 
which would by the convex glass have come to a point 
at y^ win now be made to diverge so much, as to throw 
the focus of the rays to b instead of y^ and thus the image 
of the object is enlai^ged on the retina. 

As the eyes of different persons are difierendy formed^ 
as to the exact shape of the several humours, so the tubes 
of telescopes are made to slide in and out, in order that 
the foci of the glasses may be so adjusted to the eye as to 
cause the image to fall precisely on the retina; by which 
means it is not only enlarged, but becomes quite distinct. 

Refracting telescopes are variously formed; sometimes 
with two, and sometimes ^dth more than two lenses. They 
are chiefly used for observing terrestrial objects, and there- 
fore it is requisite that they should exhibit those objects in 
an upright position, and so as to affi>rd a large field of 
view, that is, as much of the landscape as possible. 

It is not necessary that the eye-glass should be concave, 
as is evident by referring to fig. 1 7 : in this a double convex 
gh is substituted instead of a concave one. The focus of 
the object-glass is at E, and the lens g h must be so much 
more convex than o j7, as that its focus shall also be at E ; 
for then the rays flowing firom the object x y^ and passing 
through the object-glass o p^ will form the inverted image 
m'Ed; and by means of the double convex gh^ the image is 
thrown upon the retina, and it is seen under the large angle 
I) « C, that is, the image m'Ed will be apparently enlarged 
to the size C ED. 

Refracting telescopes magnify in proportion as the focal 
distance of the object-ghiss is greater than the focal distance 
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of the eye-glass : thus if the focal distance a £ of the ob- 
ject-glass be 12 inches, and that of the eye-glass only a 
single inch, the telescope magnifies the diameter of an ob^ 
ject 12 times, and the whole surface of the object will be 
apparently magnified 144 times, that is, such a telescope 
will show a small object 144 times plainer or more distinct 
than it could be seen by the naked eye. For it should be 
observed, that telescopes in general represent terrestrial 
objects to be nearer rather than larger : thus, looking at 
any small object at an hundred yards distant by means of 
a telescope that magnifies 100 times in diameter, it will not 
appear to be larger than it really is, but at the distance 
only of a single yard instead of a hundred. 

From what has been said of the method of calculating 
the power obtained by the refiracting telescope, it is evident 
that when very high powers are required, the instrument 
must be of considerable length, because we cannot go be- 
yond a certain point in the different proportions between 
the focal distances of the object and eye-glass. An object- 
glass of ten feet focal distance will not admit of an eye- 
glass with a focal distance so little as two inches and a 
half; and an object-glass of 100 feet will require an eye- 
glass of fidl 6 inches : now as the magnifying powers are 
ascertained by dividing the focal distance of the object- 
glass by that of the eye-glass, the magnifying powers of 
the telescopes of 10 and 100 feet in length will be as 10 
divided by %^ inches; and as 100 feet divided by 6 inches, 
or ^ inches ; and T that is, 48 and 200 times. On this 
account refiracting telescopes of high powers become ex- 
tremely inconvenient ; and therefore they give way to r^- 
Jlecting telescopes^ of which one, six feet long, will magnify 
as much as a refractor of 100 feet. These were invented 
by the illustrious Newton, though they have been almost in- 
definitely improved since his time. The following descrip- 
tion will render the construction of one of the common 
reflectors intelligible. 
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There is a great similarity between convex lenses^ and 
concave mirrors : that is, as we have seen, they both form 
an inverted focal image of any remote object by the co]\- 
vergence of the pencils of rays, and on that account tlie 
concave mirror, may be substituted for the convex lens. 
Let TT) fig. 18, represent the large tube, and t /, the 
small tube of the telescope, at one end of which is D F, a 
concave mirror, with a hole in the middle part at P, the 
principal focus of which is IK : opposite to the hole P, is a 
small mirror L, concave towards the great one, and fixed 
on a strong wire M, which may, by means of an adjusting 
screw, be moved backwards or forwards. Suppose A B to 
be a remote object, firom which rays flow to the mirror DF. 
The rays coming firom A and B, along the lines at C and 
£, fall upon the mirror at D and F, are reflected, and form 
an inverted image at m ; but as there is nothing to receive 
the image at that place, they proceed towards the reflector 
M, crossing each other at n. From tlie mirror M, the 
rays are^ reflected nearly parallel through the hole F : they 
then pass the plano-convex lens R, which causes them to 
converge at a b^ and the image is now painted in the small 
tube near tlie eye, which image is magnified by the lens at 
S, by means of which it will be seen under the angle cfd^ 
so as to appear of the length c dy instead of the length a b. 
Sir Wm. Herschel's telescope, made upon this principle, 
is nearly forty feet long, and four feet ten inches in dia- 
meter, and it magnifies 6000 times. 

The Camera Obscura, another optical instrument, is 
made by a convex lens placed in the hole of a window- 
shutter, and if the room be darkened, and no light admitted 
but that which comes through the glass, the pictures of all 
objects, such as trees, buildings, men, &c. on the outside, 
will be shown in an inverted order, on the white paper 
placed in the focus of the lens. Instruments of this kind 
are of various construction, and adapted to different pur- 
poses. 
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The Magic Lanihom consists of a lanthorn, having a 
lamp within, the light of which passes through a piano- 
convex lens placed in a tube fixed in the front. By means 
of this, small transparent paintings, on glass, placed before 
the lens, are strongly illuminated, and the images of them 
are painted on a screen intended to receive them. This 
instrument, which was invented as a mere play-thing, has 
of late years been employed for more important purposes, 
by adapting to it figures that wiU explain the principles of 
astronomy, botany, &c. 

The Phantasmagoria produces an exhibition very similar 
to that of the Magic Lanthom. In the common Magic 
Lanthom, the figures are painted on glass, and the parts of 
the glass not occupied by (he painting are transparent, of 
course the image on the screen is a circle of light having a 
figure upon it; but in the Phantasmagoria, all the glass is 
opaque, except the figure only, which being painted in 
transparent colours, the light shines through it ; of course 
no light can. come upon the screen but that which passes 
through the figure itself consequently the figure only is 
visible on the screoi, without any circle of light In the 
common lanthom the representation is made on the wall, 
or on a sheet, but in the Phantasmagoria it is thrown upon 
a silk screen placed between the lanthorn and the spectator. 
The appearance of the image approaching and receding, is 
owing simply to the removing the lanthorn farther from 
the screen, or bringing it nearer to it : ibr the size of the 
image increases as the lanthom is carried back ; and as no 
part of the screen can be seen, the figure appears to be 
formed in the air, and to move farther off when it be- 
comes smaller, and to come nearer as it increases in size, 
though it is in both cases at the same distance, viz. painted 
on the screen, which is not known by the spectator to 
exist. 

Among the many works published on the science of 
Optics, may be mentioned the following : adapted to per- 
sons of different capacities and attainments in science. 
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" Scientific Dialogues," voL v. being part of the series 
already noticed, intended for those who have a taste for 
science, without having entered much into the elements 
of it 

" A Short System of Optics, principally designed for 
the Use of Under-graduates in the University of Dublin, 
by the Rev. John Stack," This little work, though rarely 
to be met witli in England, deserves notice on account of 
its excellence as a compendious introduction to the science 
of Optics. The reader will be required to know the ele- 
ments of common geometry, as the demonstrations of Mr. 
Stack, though very easy, are purely geometrical. 

"The Elements of Optics, by James Wood, B.D." 
make part of the Cambridge course of Mathematics and 
Natural Philoso]^y. In addition to the same subjects 
treated on by Mr. Stack, it enters at large on the aberra* 
tions produced by the unequal refrangibility of different 
kinds of rays, and by the spherical form of reflecting and 
refracting surfaces : a short section is devoted to the doc- 
trine of Caiistics. This is more abstruse, and requires a 
larger share of mathematical knowledge than the preced- 
ing, or than the next which follows. . 

" A Treatise of Optics, containing Elements of the 
Science, in two bpoks, by Joseph Harris, Esq. late His 
Majesty's Assay-Master of the Mint," 4to. 

Those persons, who have not leisure, nor perhaps a suf- 
ficient share of mathematical knowledge to go through the 
whole of " Dr. Smith's Complete System," hereafter to be 
mentioned, will find Mr. Harris's treatise a valuable intro- 
duction to the science of Optics. It is, indeed, in general, 
but a compilation ; the materials, however, that compose it, 
are arranged with judgment and perspicuity ; and the de- 
monstrations are neat and easily comprehended, by those 
students who have laid a proper foundation in the elements 
of mathematics. In ihejirst book, the elementary part of 
optics is explained : after the necessary definitions, the au- 
thor demonstrates the various laws of refraction . and re? 
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flection:— > he 'then illustrates the rationale and effect of 
lenses of different figures ; and after having laid down the 
theory of the reflection and refraction of light, Mr. Harris, 
in the second book, explains the subject of vision. • 

On the subject of Vision, the work which contains the 
most complete information is *^ Dr. Porterfield's Treatise 
on dbe Eye :'* in 2 vds. Syo. Bishop Berkeley's << Essay 
towards a new Theory of Vision,'* should -also be read by 
every person desirous of obtaining dear ideas on the sub- 
ject See also the different papers by Dr, Thomas Youngs 
on the Structure of the Eye^ &c, in the Philosophical 
Transactions, which have been republished in his Lectures 
on Natural Philosophy; — and Dr. Wells's *^ Essay upon 
sii^e Vision with two eyes ; together with, Experiments 
and Observations on several other subjects in Optics," 

** A New and Compendious System of Optics, by Ben- 
jamin Martin," is a popular treatise, illustrated with expe- 
riments and examples ; of the latter, many are worked by 
common azithmetic. This, like several other of Mr. Mar- 
tin's works, abounds with typographical errors. 

'^ A Complete System of Optics, in four books, by Ro- 
bert Smith, LL. D. Professor of Astronomy and Experi- 
mental Philosophy at Cambridge," 2 vols. 4to. 

The first part of this elaborate work is designed for the 
use of those who would know something of optics, but 
who want the preparatory learning that is necessaiy for a 
thorough acquaintance with the subject. With this view 
die author has avoided all geometrical demonstrations, and. 
substituted die more entertaining sort of proo^ drawn firom 
experiments that may be repeated with little trouble or ap- 
paratus. By this means any one with moderate applica- 
tion, may make himself master of no inconsiderable part of 
the doctrine of optics. The second book is a complete 
mathematical treatise of the science; and. will require, in. 
the. reader, a large portion of geometrical and algebraical 
knowledge. In the third book is given a description of a. 
copiplete set of optical instruments, with explanations of 
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the various uses' to which they may be applied, in Astro- 
nomy, Geography, Navigation, Levelling, &c. A history 
of the telescopic discoveries in the heavens, is the subject 
of the fourth book, which modem discoveries have, of 
course, rendered imperfect 

** The elementary parts" of Dr. Smith's Optics, were 
published by Dr. Kipling, in 1778, who added, in the form 
of notes, some explanatory propositions from other authors, 
chiefly from Dr. Barrow and Descartes. 

To the elementary works on the science of optics gene- 
rally, may be added the following on a particular branch 
of it. 

" Of Microscopes, and the discoveries made thereby ; 
illustrated with many plates, by Henry Baker, F.R.S." 
This work, which consists of two volumes octavo, contains 
much useful knowledge, exhibited in a simple and perspi- 
. cuous method, for the sake of perssons who have not had 
the advantage of a learned education. The reflections, 
which Mr. Baker draws from the various parts of these 
volumes, all tend to impress the reader with just ideas of 
the wisdom, power, and goodness of the great Creator. 
^ The minute living animals exhibited in the second part 
of diis work, will excite a considerate mind to admire in 
bow small a compass life can be contained, what various 
organs it can actuate, and by what different means it can 
subsist They will also shew that the hand which made 
them, is not confined to size or form : and that it has not 
been wanting to bestow on creatures almost invisible^ and 
seemingly inconaderable, every member and faculty con- 
venient to their happiness." These volumes, which were 
long extremely popular, and went through many editions, 
have given way, in a great measure, to a work of the same 
kind in 4to. by Mr. Adams. And within the last year or 
two, the author of << The Scientific Dialogues," has pub- 
lished, << Dialogues on the Microscope,'* in two small vo- 
liunes, which include what is important and interesting in 
Baker, and the disooveries of all the late^ writers on this 
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subject. This work contains an account of the principles 
of vision, and of the construction and management of the 
most improved and generally useful microscopes, with their 
iqpplication to the discoveries made by them in the diflferent 
kingdoms of the natural world. They are accompanied 
with eight hi^y finished plates, by Mr. Pdrter. 
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NATURAL PHILOSOPHY, 

Continued. 

Elbctucxty» History of — General Principles of Electricity — Sub- 
stances, how divided — Electrical Machine and Experiments — At- 
traction and Repulnon — I^yden Phial — Electrical Spark, Shock, 
an4 Battery -^Writers : Priestley — Scientific Dialogues — Adams — 
Cayallo — Lord Mahon — Brook — Bennet. Galyamum, Discoyeiy 
of — Experiments — Galvanic circles — Theory. Voltaibm — Bat- 
teries — Experiments — Sir H. Davy's Discoveries — Writers : VaUi 
— Fowler — Aldini — Davy. Magnetism — of the Magnet — At- 
traction and Repulsion — Polarity of the Magnet — Variation of the 
Magnet — Mariner's Compass — Writers : Cavallo — Lorimer — 
Churchman. 

JJiLECTRiciTY. The word electricity denotes a peculiar 
state» of which all bodies are susceptible, and which is sup- 
posed to depend upon the presence of a certain substance 
called the electric fluid. Some of the phenomena peculiar 
to electricity, were known to the ancients, particularly those 
attractions and repulsions which a piece of amber, after 
being rubbed, or excited, as it is called, exhibits with re- 
gard to hairs, feathers, and other small bodies, and the 
name electricity is derived from the Greek word denoting 
amber. Thales, who lived 600 years before the Christian 
sra, was the first person who observed the electrical pro- 
perties of amber ; but with him the subject seems to have 
died, for nothing more appears on the page of history, till 
TheophrastUB, who notices tlie attractive power of the ex- 
cited Tourmalin ,• and from this period till the beginning 
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of the eighteenth century, a space of 1900 years, there is 
aknost a complete chasm in the history of electricity. 

In the year 1700, Dr. Gilbert, who is esteemed the jb- 
ther of the English electricians, wrote a work entitled **De 
Magnete," which contains a variety of electrical experi- 
ments, and by which it appears he took much pains to dis- 
cover substances that possessed the power of electric exci- 
tation. The great Mr. Boyle, in the year 1670, had 
applied himself to this subject, and enlarged the catalogue 
of these substances. Sulphur globes were now made use 
of to obtain greater powers of electricity than had ever 
before been had. Otto Guericke, the contemporary of 
Boyle, discovered electric repulsion : he not only saw the 
electric light, that had been observed by Boyle, but heard 
the hissing sound which was emitted. Sir Isaac Newton 
observed that the electric attraction and repulsion pene- 
trated through glass. Mr. Hawksbee was the first person 
who applied a glass globe to the machine, and he made 
many very important discoveries. In 1729, Mr. Gray 
found out the difference between electrics and conductors, 
and soon after this was discovered the difference between 
positive and negative electrid^. Muschenbroek, in the 
year 1746, accidentally discovered the accumulation of the 
electric power in the Leyden phial. From this time elec- 
tricity became the general subject of conversation,- and, as 
a science, it advanced with great rapidity under the au- 
spices of Franklin, Priestley, and others. Of electricity, as 
well as of optics, the last named philosopher is known as the 
interesting and elaborate historian. 

General principles. — The earth, and all bodies with which 
we are acquainted, are supposed to contain a certain quan- 
tiQrof an exceedingly elastic invisible fluid, called the elec- 
tric fluid. This certain quantity ori^ally belonging to 
all bodies, may be called their natural share; and of itsell^ 
in its dormant state, produces no sensible effect; but as 
soon as the equilibrium is disturbed, and any body, or 
surfitce of a body becomes possessed of more or less than 
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its natural share, a state which is termed exeitatioBy it 
exhibits the phenomeiia of attraction and repulsion, and 
other remarkable efiects are produced according to the 
quantiQr of excitation. 

The equilibrium could never be disturbed ; or if it were^ 
it would be immediately restored, if the bodies in, or on 
which it was disturbed, admitted a free passage to it, either 
along their sur&ces, or through their pores. As with 
some bodies this is not the case^ whenever any of these has 
acquired an additional quantity of electric matter^ and is 
at the same time every where surrounded with bodies 
through which it cannot pass, it must remain overcharged : 
or if it has lost a part of it natural quantity, it must in like 
circumstances remain exhausted. 

All substances are divided by electricians into two classes 
called electrics and nan-electrics. Electrics are such as do 
not suffer the electric matter to pass readily over their 
sur&ces, and hence they obtain the name o{ non-^conductors. 
Non-electrics, on the contrary, permit the electric matter 
to pass readily over their surfaces, and on that account 
they have been denominated conductors. 

Glass, resin, sealing-wax, sulphur, bees-wax, and baked 
wood, are the most parfect non-conductors among solids, 
and oils, and dry air among fluids. But heat and moisture 
render all substances more or less conductors. 

It has been the prevailing fiishion among the continental 
philosophers to explain the phenomena of electricity, on 
the supposition of there being two electric fluids, instead 
of one. These they have denominated the vitreous and the 
resinous electricities; and they have assumed them to be of 
contrary natures, so as to neutralize or destrby each other 
when united, but to have a strong attraction for each 
other when separated. Professor Prevost, of Geneva, has 
adopted this theory, and has illustrated it very ably. Biot 
has also given a very elaborate view of its consequences, 
and of their agreement with the observed phenomena. 
But as the original theory of Dr. Franklin is the most 
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simple^ and k at the same time perfectly well adapted to 
^plain all the fieurts hitherto known on the gabject» we 
shall confine ouiBelves to the following outline of this 
highly ingenious theory. 

According to the theory of Franklin, when a body has 
more than its natural quantity of the electric fluid, it is 
said to be positively electrified, and the electricity which it 
contains is called positive electrici^ ; and when it has less 
than its natural share, it is said to be nq^tively electrified. 
When a conductor is so surrounded with non-conductors, 
that the electric fluid cannot pass firom it into the earthy 
the body is said to be insulated^ such is the case with a 
jMece of metal supported upon a glass pillar in a dry atmo- 
^here. 

The electric fluid is gaaerally brought into action by 
fiicdon, though there are also other means of disturbing 
die equilibrium. The chief electric appearances are the 
attraction and rqpulsion of light bodies ; fiery sparks at- 
tended with a sniping noise; pencils of light proceeding 
fix>m, or entering into an electrified body upon the approach 
of other substances. . 

If a ^ass tube two or three feet in length, and an inch 
or more in diameter, be briskly dravm through the hand, 
or rubbed with a piece of dry and warm silk, the effect of 
^^tfriction is, ihst the electric matter leaves the hand, 
anS passes upon the glass, where it will remain ; for as the 
glass, and the dry air which surrounds it, are non-conduct- 
ors of electricity, this redundancy of the electric matter 
cannot flow away; but if any conducting substances, as the 
finger, or a piece of metal, be presented to the glass, the 
electric fluid will pass firom the nearest part of the glass 
into diem, attended with a crackling noise. The tube thus 
excited will attract any light substances, as small bits of 
paper, &c. ; which will, when brought near, spring to it; 
and afl:er a few seconds, when they seem to have obtained 
a certain portion of the electricity ef the glass, they will be 
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f epelled from it. This, as well as all electrical experiments 
are best seen in a darkened room. 

Although the electric fluid may be excited with the hand 
on glass tubes, or on sticks of sealing-wax rubbed briskly 
with flannel, or on the sleeves of a man's coat ; yet the 
cjuantities so obtained are very smalt in comparison of what 
may be collected by other means, as by an electrical ma- 
chine; and large quantities are often wanted for experi- 
ments on a large scale. 

Fig. 1. Plate IV. represents an electrical machine; the 
construction is evident, almost at first sight. £F is a glass 
cylinder turned by the handle I, and the whole firaune is 
fastened to a strong table by iron damps. K is a rubber 
made of silk, or leather stufied with horse-hair, and L is a 
silk flap fastened to it, and covering part of the cylinder, to 
prevent the dispersion and escape of the electric fluid. The 
rubber is fiistened to a spring, which proceeds from a socket 
cemented on the top of the glass pillar M. There is an- 
other strong glass pillar N, on which is fixed a hollow 
metallic cylinder O P, called a prime conductor, to one end 
of which is attached a row of pointed wires at Q, to collect 
the electric fluid from the glass cylinder; and at the other 
end is a knobbed wire, from which electric sparics of great 
length may be drawn. ^^^ ^ 

When the cylinder is turned briskly, the fiiction o|Hi^' 
glass against the rubber causes some of the electric flmd, 
which was in the rubber, to pass to the glass ; from whence 
it is conveyed by means of the points to the prime con- 
ductor, which, when other bodies, as the knuckle of a 
person^s hand, are presented to it, will give out visible 
sparks. To obtain a constant supply of the electrical fluids 
a brass chain is hung on the knob K, which communicates 
with the ground, whence the electric fluid is brought up in 
great quantities. 

If instead of a transparent glass cylinder, one of sulphur, 
of sealing-wax, or of rdbgh glass, were made use o^ the 
effect of the friction would be, that a quantity of electric 
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nuitter natorftUy bdongmg to those substaneesy would pass 
from them to the band ; and these bdng surrounded with 
air, whidi is a non-conductor, remain exhausted, and 
ready to take sparks of electric fire firom any bodies thait 
are presented to them. The sulphur, &c. in one case, 
though deprived of their natural share of electricity, are 
said to be excited, as well as the glass which was overloaded 
with it; because, though the states they are in be the 
reverse of one another, the effects produced by them on 
other bodies are very similar. 

The electricity produced by the excitation of glass Is 
called positive electricity, and by some writers vitreous: that 
produced by sealing-wax, &c., is called n^;ative or resinous 
electricity. 

To prove that the earth is the grand reservoir of the 
electric fluid, let the chain be taken from the rubber, thus 
cutting off its communication with the earth ; then what- 
ever friction may be applied, the quantity of electric fluid 
obtained will be very small. Let the dbain now be put on 
to the conductor R, and made to hang on the ground, or 
on the table connected with the ground, and the excitation 
of electric fluid will again be abundant, and it may be 
received from the cushion. In this case it passes up the 
c^dn, along the prime conductor, and so on to the cushion; 
^pereas, when the cushion is connected with the earth by 
tbe chain, and the conductor insulated, it passes fit>m the 
cylinder through the points to the conductor. Hence an 
electrical machine may be made to produce both n^|;ative 
and positive electricity: the former by connecting the 
prime conductor with the earth, by a chain, and taking 
the fluid from the rubber; the latter by making the rubber 
communicate with the ground, and taking the fluid from 
the conductor. Electrify two insulated conductors by 
placing one before tbe cylinder, and connecting the other 
with the cushion, and they will exhibit diflerent kinds of 
electricity; the same substances which the one attracts, 
will be repelled by the other; and if the two conductors be 
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brought near each other, a strong ^tpark will |>a38 fixMn one 
to the other, and thus the equilibrium will be restcHmi* 
But if both the conductors be placed before the c^rlinder 
they will be equally electrified with the same electrici^ ; 
and what is attracted and repelled by the one, will be 
attracted and repelled by the other likewise, and no spark 
will pass firom one to the other by their being brought ever 
so near. In the foregoing experiment, the conductw con- 
nected with the cushion is said to be negatively dectrififed : 
and that placed before the glass cylinder is said to be posi«* 
ti?ely electrified. 

• Qf electrical Attraction and Reptdsion.^^li two bodies be 
electrified with the same electricity, they tegA each other: 
if one be electrified positively and the other negatively, they 
attract each other. A body not electrified will be attracted 
by those that are, whether th^ be electrified positivdy or 
natively. 

Electrifya pair of insulated pith baUs, fig. 2, that is, balls 
suspended on threads of silk, by bringingthem near aprime 
conductor, or any other substance that is in a state of electric 
excitation, and they will repel each other. 

If one pair of insulated pith balls, electrified negatively, 
and another pair positively, be brought near, they will 
attract each other, and both pairs will collapse. lagbt 
feathers, hair, pieces of paper, &c., connected with t^^ 
prime conductor, are, when electrified, attracted by any 
non-electric body. — The hair of a person, who, when 
standing on an insulated stool, is electrified, becomes 
repellent. Small downy feathers, pieces of leaf gold, paper 
images, and other light bodies, brought near the omductor, 
are first attracted,, and then repelled. — If a tuft of fea- 
thers be placed on the hole x of the prime conductor, and 
then electrified, they will repel each other, and put on a 
beautiful appearance ; but the moment a spark is taken 
firom the conductor, they will fiJl down into their fint 
position. 
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• Whai a glass tubc^ excited ather by the hand or a . 
flannel rubber, is brought near a small feather, it will 
attract it; and when the feather is saturated with the 
electric fluid, it will fly ofi^ towards any other conductor, 
upon which it may disdiai^ its siqperabundant electrid^: 
if, however, it be pursued by the tube, while in the 
ekctrifled state, it will fly away from it, and may thus be 
-dziTen about in any direction without being touched. A 
great number of odier experiments, instructive, and very 
interesting, which shew the efiects of electric attraction and 
repulsion, are given in all the elementary books. 

Upon this principle have been constructed various kinds 
of electn»neters, of which the one by Mr. Henley is the 
most simple. It is represented by fig. d, and is generally 
fixed in ^, onthe prime conductor, though it is adapted to 
other parts of the apparatus. It consists of a fight rod 
and pith ball A, turning on the centre of a semicircle B, 
so as 'to keep constantly dose to the graduated limb. 
When the prime conductor is electrified, the ball ascends 
towards B ; and according as the charge b lower or higher, 
the ball ascends to less or greater heights. 

Of the electrical Spark. -^ If any conducting substance is 
presented to the charged prime conductor, the electric 
matter will pass with violence, in a brilliant spark, firom 
qpi to the other : and if the conducting substance thus 
presented be itself insulated, it will only take a part of the 
charge from the prime conductor ; and the whole of the r^ 
dnndant electricity being distributed between them, they 
will give out a smaller spark to. any other body that is pre* 
sented to them. 

If a person stand upon a stool with legs made of glass, 
and take in his hand a chain fiistened to the prime con- 
ductor, and the machine be put in action, every part of his 
body will exhibit the same appearances of attraction and 
repulsion, &c.^ which the prime conductor itself will do. 
Sparks also may be taken from him, which will be as pain- 
frd to the giver, as to the person who receives them. These 
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sparks, when taken from the knuekle in a spoon contaitdnf^ 
spirit of wine, a little warm, will inflame the liquor, in the 
same way as it would be lighted with a candle. Not only 
are the senses of feeling, seeing, and hearing, sennbfy 
affected, but the sense of slnell also. 

Of the Leyden Phial, and electrical Shock. — A glass jar 
or phial coated on both sides, with tin-foil, except about 
two inches from the top, is called a Leyden jar or phial : 
such is that represented in fig. 4. If the inside of this jar 
is electrified by means of a chain hanging bom the prime 
conductor into it, while the machine is turned, and the 
outside of the jar is connected in some way or other with 
the earth, it is said to be charged. In this state the inside 
has a much larger portion of electricity than its natural 
share, and the outside a smaUer portion ; and if a ooounu- 
nicatioh be made from one side to the other, by a conduct- 
ing substance, as a discharging rod (s^ the figure) an ex- 
plosion will take place,' that is, the superabundant portion 
of the inside will pass with great violence to the outside^ 
on whidi there was less than the natural share. A Leyden 
phial cannot be charged when it is insulated, that is, when 
neither the inside nor the outside is connected with the 
earth, because as much of the electrical fluid must be 
thrown off firom one side, as is received on the other; 
and if it is unconnected with the earth, it has no means^f 
parting with any of its natural quantity from one side, and 
of course cannot receive a redundance on the other. 

, A jar is said to hejposiiivefy electrified, if when the inside 
receives the fluid firom the conductor, &c. the outside is 
connected with the earth. Itns said to be negativefy 
electrified, when the outside receives (he fluid fix>m the 
conductor, and the inside is made to communicate with the 
earth. 

If one jar charged negatively be brought in contact 
with, or near another charged positively, both jars will be 
discharged with a violent explosion, provided the jars are 
highly charged. 
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The passage of the electric fluid, fiom one aide of a 
diatged jar to the other, is iqppar^tly instantaaeous, what- 
ever be the length of the metallic, or other good conductor. 
If a number of persons join hands, and make part of the 
drcait of communication, the fluid will pass, and the shock 
be felt instantaneously through the arms of them all. In 
this case, the person at one end of the circuit must touch 
the outside of the jar, or some omducting substance 
that communicates with it, and the person at the other end 
must connect himself with the inside by touching the 
knob A. 

If the circuit be continuous, the passage of the fluid 
will be invisible ; if it be interrupted, the fluid becomes 
visible ; and if resisted in its passage^ it will leave an im- 
pression upon the intermediate and resisting bodies. If 
the fluid pass from one side of a jar to the other, through 
a chain, it will be visible between the links of the chain. 
If it be interrupted by several folds of paper, a perfor* 
ation will be made through them all. If spirit of wine 
or gunpowder be made part of the circuit, it will be 
inflamed. 

Of the electrical Battery. — The force of the electrical 
charge may be increased, by augmenting the surface of the 
coated glass : that is, if several coated jars are used, in the 
same experiment, instead of one. In this case, the out- 
sides of all the jars must communicate with one another, 
and so must the insides. Jars so aiTanged, whatever be 
their number, form an electrical battery. By means of a 
battery of a. considerable size, the most important effects 
may be readily produced ; fine wire may be fused, and 
small ammals may be killed: hence, and from other 
undeniable experiments, it is inferred, that the electric 
fluid and lightning are the same substance. Their 
properties and efiects are the same. Flashes of lightning 
form irregular lines in the air ; the electric spark, when 
strong, has the same kind of appearance. Lightning seizes 
upon the highest and most pointed objects ; takes in its 
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course the best conductors; sets fire to bodies; melts 
metalsy &c. ; kills in an insttfit the strongest animals ; in 
which, and other particulars, it agrees .with the phenomena 
ofthe electric fluid. Lightning also being brought £rom 
the clouds by an electrical apparatus, will exhibit all the 
appearances ofthe electric fluid. 

The atmosphere is always in a state of electrization, some- 
times negatively, but generally witb positive electricity. In 
calm and serene weather, the electricity is positive, and the 
quantity is usually in proportion to the quantity of moisture 
in the air. Hail is always accompanied with electricity, 
and nun generally so. Low and tiiick fogs are strongly 
electrical. In summer, the electricity of the atmosphere is 
very weak, it grows stronger at sun-rise, and increases in 
strength till sun-set, when it again becomes weaker. A 
strong electricity often rises witii the dew, particularly if 
the season be cold, the sky dear, and there be but litde 
wind. 

The following works on the subject of Electricity, may 
be mentioned .as deserving the reader's notice. 

Dr. Priestie/s " Introduction to the Study of Electri- 
city" is excellent for tiie uninitiated, but it is out of print, 
and the plates being lost, is not likely to be brought again 
before the public As a substitute for this, the sixth 
voluine ofthe << Scientific Dialogues " may be fitiy used, in 
which are accumulated all the common and most interest- 
ing experiments ; which, being repeated, with the directions 
^ven for tiieir performance, the young electrician will after- 
wards find no difficulty in the pursuit of electrical know- 
ledge in all its branches. 

** An Essay on Electricity," 8tc. by George Adams, with 
Improvements by W. Jones, is a valuable compilation of 
all the material fects and experiments in this branch of 
science. 

•* A complete Treatise on Electricity in Theory and 
Practice," in three vols. 8vo. by Tiberius Cavallo, is a very 
proper work for those who are desirous of an extensive 
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knowledge in every department of Electricity. The first 
▼olume treats of the laws and theory of electricity, and con- ' 
tidns a fall detail of the practical branches of llie science. 
In the second, the author describes a number of new ex- 
periments, enters rather at large on the subject of medical 
electricity, which was in much more estimation twenty years 
ago than it is at present, and treats of the electrical proper- 
ties of the torpedo, &c. In the third volume will be found, 
among other interesting subjects, a particular account of 
what was theii deemed animal eledricifyy but now denomi- 
nated Gralvanism. 

<« The History and present State of Electricity, by Joseph 
Priestlef, LL.D. F. R. S." &&, will always be a stock book, 
valuable as a woric of reference, and highly interesting to 
those who would wi^ to trace ibe progress of the science 
to that advanced period in which it was when the author 
wrote. A continuation of this work, for which there are 
ample materials, would, it is imagined, be very acceptable 
to the public 

*« Principles of Electricity, containing divers new Theo- 
rems and Experiments, 8tc. by Charles Viscount Mahon.'* 
This work was published on the occasion of the dispute 
which, more than thirty years ago, engaged the attention of 
electricians, respecting the best mode of securing buildings 
from the effects of lightning. His Lordship was the advo- 
cate of pointed ccmductors, which have now generally 
obtained the preference. In this treatise is a r^ular dis- 
sertation on the nature of the ^^ Retuming-stroke," by the 
eflbcts of which, the noble author contends, that men and 
other animals may be killed, and buildings damaged and 
jdestroyed, when the thunder-cloud, firom which the mischief 
proceeds, is at the distance of several miles fix>m the spot 
where such persons or buildings are situated. This theory. 
Lord Mahon (now Earl Stanhope) regarded as completely 
established by the death of James Lauder, in Scotland, 
which happened some time after the theory had been ad- 
vanced. See Phil. Trans. Vol. Ixxvii. 
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<< PM^tical Electricity aad Galvanisixi, by Joha Cuth- 
^ bertson, Piiilofiophical Instrument-maker," contains an, 
extensive series of interesting experiments. 

<^ Elements of Electricity and Electro-Chemistry, by 
George Singer;" <^ Miscellaneous Experiments and Re- 
marks on Electricity, &c. with a description of an Mec- 
trometer, on a new Construction, by A. Brook;" and 
<^ New Experiments on Electricity, wherein the Causes of 
Hiunder and Lightning are explained, &c. also a Descrip- 
tion of a Doubler of Electricity, and the most sensible 
Electrometer, &c. by the Rev. A. Bennet, F.R.S." are ex- 
cellent treatises, and may be consulted with pleasure and 
improvement by the student in electricity. Besides the 
authors already mentioned, the adept, and indeed those 
who have made any progress in the science, will recollect 
the names of Beccaria, Watson, Wilson, Read, Dalton, 
and Lyon, who have written on, and most of them added 
many new &cts to the science. Nor can the name of the 
celebrated Benjamin Franklin be unnoticed, who^ though 
he has left no regular treatise on the subject, made the roost 
important and interesting discoveries in, this branch of 
science; and did by his assiduity, and writings, though 
given through the medium of the Transactions of learned 
Societies, more than any other individual, to bring it to 
that perfection in which it at present exists. By Signior 
Beccaria, who dedicates to Franklin, his *' Treatise upon 
artificial Electricity," he is considered as the fiither of the 
science. *^ It is you," says die learned Italian, ^' who have 
disarmed the thunder of its terrors ; and your daring ge- 
nius has even taught the fire of heaven, that was formerly 
looked on as the weapon of omnipotence, to obey your 
voice." 

The most elegant and scientific, and at the same time 
elementary account of the phenomena of electricity, ex- 
plained on the simple theory of Franklin, is that contained 
in the Supplement to the former edition of the Encyclopss-. 
dia Britannica, under the head of Electricity, which was 
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drawn up by the late Professor Ilobisoa« The article 
Electricity in the new Supplement to the last edition of the 
same woric, by Biot, in which the French theory of a doaUe 
elective fluid is developed, is likewise highly deserving of 
attention, as is also that part of Biot's ** Traite de Physique 
Exp^rimentale et Math^malique)'' which treats of this 
subject 

GALVANISM. 

The science of Gaivanismj or as it is now generally de- 
no m i n ated VcUaism, is only of twenty-five years' standing. 
It took its first name firom Galvani, aprofessor at Bologna, 
who prosecuted the subject to a certain extent ; but it now, 
under the more general name of Voltaism, comprises all 
those electrical phenomena, that arise firom the chemical 
agency of certain metals with different fluids. 

Galvani, by acddent, as he was dissecting or cutting up 
a Srogf discovered that the common electricity had the pro- 
perty of producing muscular contractions in the limbs of 
animals a con^derable time after death* He afterwards 
fi>und that^ by the mere agency of a metallic substance, 
where be bad no reason to suspect the presence of electri* 
city, the limbs of a recently killed firog were convulsed ; and 
having ascertained the fitct by a number of experiments, he, 
in the course of his inquiries, found that the convulsions or 
coDtractioDs were produced only when dissimilar metals 
were employed. 

It was now inferred that electricity is not only produced 
by the firiction of bodies, as has been already described, but 
even by the mere contact of certain substances. At the 
same time it was admitted, that these substances must have 
some chemical agency or action upon each other, and that 
the eflFect produced seems to be proportionate to the d^ree 
of chemical action. The following well known &ct8 were 
now supposed to be explained by this iiiia»t sdence. 

Porter, taken from a pewter pot, bas always beenbdd, 
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by connoUseurs in that liquor, to be better than when taken 
from china and glass ; this was now said to arise from a 
certain decomposition effected by means of the liquor in the 
vessel, the piewter, and the saliva on the under lip coming 
ii} contact with the metal. 

Pure mercury retains its metallic splendor a long time, 
but its amalgam with tin, &c. is almost immediately osy- 
dated or tarnished. 

Inscriptions of very Aoden}^ dat^ fm pure lead, have been 
found in a perfect state, while others of modem time^ made 
on compound metals, are corroded, and scarcdy legible. 
Works of metal, whose parts are soldered together by 
means of other metallic substapces, soon tarnish, or are 
oxyd^ted about the places in whidi the diffisrent metals are 
joined. . So likewise is the copper on ships, which is fasten- 
ed on by means of iron nails. Zinc also may be kept a 
long time under water with scarcely any diange ; but it a 
piece of silver touch the zinc while under water^ there will 
b^ very soon, a sensible oxydation. 

Take a piece of zinc, and place it imder tfie tongue, aad 
lay a piece of silver, as a half, crown, upon it, and no 
particular taste will be observed; but bring the onter 
edges of the metals into contact, and a very disagreeable 
taste will be perceived, which is said to arise from jthe de- 
composition of the saliva, a watery fluid. The same ihing 
may be noticed with a guinea and a piece of charcoal. 

These facts have been thus explained, and die theory 
generally admitted; the conductors of electricity, however 
diey may differ from each other in their conducting powers, 
fnay be divided into two classes. Thejirst class, which 
are denominated the dry and more perfect conductors, con- 
sist of metallic substances and charcoal : the second class, 
called ^so imperfect conductors, are water and other oxyd- 
ating fluids. From these, or some of them, all Qalvank 
Circles^ as they are named, are formed. 

The simplest circles or combinations must consist of 
three conductors of different classes, vi^. one conductor of 
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opp cjj^«b W4 Jwp di^Serent c^ductors of the o^j^ clfss. 
When two of thjese ^ubsta^c^ jue of the first ,c]§^ if/f,^ 
ope of the §^CQndf as ira^ the cf^ie with the ^in(C, tlfje fUyer^ 
and salivi^ the coipbination or circle, i3 of the &r$t prdeft 
that i% the piost powerful : but pjdierwjl^e, ^9Ul^ |C^ fif 
the porf^ drunk put of pewter^ the cjrclp ^ of the 8^fx>x^ 
order, th^t is, the lea^ po^re^. In a 3i^le gi^y^nic 
cirple, the t^o bQ4ies of the same 9)333 im^t touch eaplj 
o^her in one or J^af:e points^ at t)^ 3ame fime t^at tfiey 
aire Qon^ected, at other points, by the l^qdy pf the qikff 
class. 

The serves pf animais appear tp be affected 1^ $ipaU^r 
qui^tities pf dbctricity than Wff Q^h^ subst^cps : ^iCQjC^ 
pr^)ar/e|d limbs of ^nin^als srere fyr a cppsidjerable ^ix)^ 
much employed for ascertaining the productipn pf d^^rfr 
city by s^ple cpnt^t If electricity |i>e mf^ to p^ 
tjifougl^ t^e prepared limb l^y the iij9fppd|fte foptSLCt pf 
the ^eptrified body, a mindly sma^ef qu^tf|y of i| if fPjf^^ 
ciejft to pcp^sipp t^ con^^ctpns, t^um wh^ i^ 13 ifta^^e t9 
pa^ &opi one copductpyr tp anoljier, at a /ccrto^ 4istmM?P 
fjroin the pr)ep^f)e4 limb; a^ these .contractions ^p fpnqh 
stronger, when the electricity passes through a nery^ ffi 
tbjs ipuscjesy t^an thirHigh aqiy pthe/r part. §ppl^ i^cts 
may hp produc^ed in thp prepared anim^^ without ^py 
apparent 4f4 P^ electricity, pierdy by pialpng a oomsoiiml- 
f;:atj^ between the neryes and piusp]^ by a popdlicf^ 
suhstapc^. l^^t if the pommunic^ion between the nefy^ 
and the mi^de be formed by substances whiph ^re n(H^r 
cpnductors fff electricity^ as gla3£b sea}mg-wax, jScc. th^ 
no contractions take place*. 

The conflicting substapce39 whiph answer best Eor this 
pujpo3^ are silver and ^inc ; but silver and tip^ or silver 
and cppp^r^ will apawer very well. If part of the nepe of 
a Pf chared Hipb be wrapped up ii^ a piepe of tii^r^il} ^ be 
laid Hppn zipc^ l^ld a piece of ailyer be lau} with ppe ep(l 
pn the mu^ple, apd with the pther upon the tii) pjp pn^ 
the contractions of the limb will be ^Iplei^t* 
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The two metals may be placed either in contact with the 
prq)aration, or in any other part of the circuit, which may 
be completed by means of other conductors, as water. Let 
two wine-glasses, nearly full of water, be near to, but not 
actually touching each other. Put the prepared thigh and 
1^ of a frog into the water of one glass, and laying the 
nerve over the edges of the two glasses, let the tin-foil, 
which is wrapped round it, touch the water of the other 
glass. If now a communication be formed between the 
water in the two glasses, by means of silver, or by putting 
the fingers of one hand into the water of the glass that 
contains the leg, and holding a piece of silver in the other, 
the coating of the nerves being touched with it, the pre- 
pared leg will be so much excited as sometimes actually 
to jump out of the glass. These contractions may be ex- 
cited in living as well as in dead animals. Take, for in- 
stance, a live flounder, and having made it dry, put it in a 
pewta* plate, or upon a large piece of tin-foil, and place a 
piece of silver on its back ; then with one end of a piece of 
metal touch the pewter plate, and apply the other extremity 
of the metal to the silver, and contractions will immediately 
ensue. 

Experiments of a similar kind, which are recorded by 
Aldini and others, were made upon many different kinds 
of anidials, and even upon persons who had suffered death 
from the hands of the executioner; the actions produced 
were ascribed to a principle of electricity, and the science, 
then only in its infimcy, thus limited to general experi- 
ments on the animal frame, was denominated, after its 
earliest discoverer. Galvanism. 

- Galvani explained the phenomenon, by conceiving the 
muscles to resemble a charged Leyden phial, having elec- 
tricity accumulated in the inside, while the outside was 
charged minus. The nerves he considered to be conn^ected 
with the inside : when it was united with the outside by 
conductors, the surplus electricity was discharged, which 
.caused the motions of the limb. 
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Signior Volta, the illustrious improver of this science^ 
set out with the idea» contrary to that of Galvani, that the 
electricity did uot belong to the animal, but to the diflerent 
metals employed. Galvani was not likely to produce any 
greater effect than what could be obtained by two pieces of 
metal, because he beUeved the electricity to be in the 
animal. Volta was led to the discovery of the battery by 
combining a number of pieces of metal together, because 
he was persuaded that the electricity was in the metals or 
fliuds employed. These repeated combinations obtained 
the name of Galvanic, or, more properly, Voltaic batteries, 
and the science itself is usually denominated from the dis-^ 
coveries resulting from these batteries, VoUaism. 

VOLTAISM. 

The batteries of Volta are said to be of the first or 
second order, according as the simple combinations of 
which they consist, are of the first or second order. The 
batteries of the ^rst order are composed of two perfect 
conductors, and one'imperfect conductor, as zinc with gdd, 
or silver, or copper, &c and a solution of nitric acid in 
water. 

The batteries of the second order, are composed of two 
imperfect conductors and one perfect conductor^ as one 
metal with two fluids. 

In plate IV. fig. 5, we have the representation of a vol- 
taic battery. It consists of a number of pieces of silver, 
zinc, and flannel cloth, of equal sizes ; the flannel is moist- 
ened with an oxydating fluid, and tliey are so 'arranged 
that the zinc, silver, and flannel may succeed each other in 
regular order, as often as the combinations are repeated. 
If the lower piece of metal is touched with one hand, and 
the upper one with the other, an electrical shock will be 
felt. The same experiment may be repeated till the metals 
become, in a measure, oxydated and unfit for action^ when 
th^ must b^ taken down and cleaned. 
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lii fig. 6. is i dlffeterit kind of battety. In these four 
gkssfes, (arid twenty bt more might be used, in order that 
fli^ etfeet fai^ht b^ more powerful), is a solution of salt dnd 
water: into each except the two outward ones, ii^ plunged 
k small platfe of zinc, and another of silver; these com- 
ihiiniiiate with each other by a thin wire, so' fastened that 
the silver of the first glass is connected with the zinc of the 
fetorid, the silvfer of the Second with the iihc of the third, 
dhd so on. if otie hand be hov^ dipped into thfe first glass, 
and the dthet iritd the Irist, there WU be made d com- 
iritmicjrtibri b^tweeh th^ zinc aJid silver, and a shcick will 
beJelt 

Another arid hl6J-e powerftQ kind 6f batterj^ cbtsists of a 
trough of baked wood three inches deep, and as many in 
breadth, fig. 7« In the sides of this trough are grooves 
dj[)pdMtfe to each other, and about a quarter 6f an inch 
Aiiurid^i'. Ittto each pair 6f groove:^ is ^tlt a plate of 2iiic, 
&tid andth^t of slliref, ^A tfaey ^e ceiii^tited in stich H 
miM^ ds to ^re'^^tit & (xilmmtmicatiori betwecln the difibl"- 
«Ut eelii^. Hie celtii are hoW filled with somei okjrdatbg 
MA, ktid the bm^irf is fomplkt^; if a commuiticatioil bfe 
made with the two hands between the two end cells, ft 
fttdng shdfck *lll be ML With batteHei 6f this kmd, 
rtlly inuch Iricr^ifed lii feize, k hdmbet of dlrlotis fcfad Ih- 
teresting experiments may be made. Wire irifty bri ifaelted, 
flhd ^ripowder, ^Id slhd §ilvei- leaf, Sccj tiiecy be iilfikmed. 
Wdt^r tias alsd beeti decomposed by itieans of batteries of 
tfiii^ kmd; tet AB, fig. 8, represent a gl^s tiibe filled with 
distilled WHter, having it cork at each tod. A and B ai-e 
tWo pieces of brass wire, which are brought within abbut 
dil bich of Oiie another in the tube, and th& other ends ^b 
cliitied to the battery, viz. A to the positive taiA B to the 
gegdtite efid ; when, if the battery be in full action, and 
the circuit be uninterrupted, a stream of bubbles will prb- 
cfe^ From the Wire B, arid ascend to the upper part of the 
tube : these bubbles arfe hydrogen giis, or iriflainmable idr, 
and they qo doubt proceed from the water, being one of 
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the eompolMiil purts of it. The e9q)eriineiit| m ^^^gfrjbed 
in ae^eral InkAs^ may be varied, and both the oxygen and 
hydroged gas collected sepaiately. 

In the haodi of Sir Humphry Davy, the voltaic bat- 
tery has achieved the most important and interesting dia- 
ooverlesi whidi the student in natural philosophy will take 
moeb pleasor* in exionining for himself in the papers of 
tfaitt great chemist, to be found in the different volumes of 
the Transactions of the Royal Society since the year 1806; 
in the eotirse of vrhieh be proves most satis&ctorily, that 
die voltaic eneigy has the property of decomposing com- 
pound substances, provided the battery be sufficiently 
(M»fMrfid# and the constituents of such compound bodies 
will nngb tliemselvea about the wires that pass from the 
ittleidilics of the batteries, according to the following law : 
dKy^en and acids ammge themselves about the positive 
wire^ beinip AacDselves possessed of n^gfttive qualities: while 
hyi wg en^ alhalies, earths^ and metals^ being possessed of 
pmEtive qnalilies^ are attracted by the nqprtive wirei 

Heaoe it is inftrred, that when two substances are che- 
nmaBif eenUbbied, they are in different states of dectricihr; 
matt the jfleare completely opposite these states, the 
■Die iatfmalely wiU they unite. Thus water is an 
itBtflBce of the cwoaplete chemical combination of the 
negative cfjofpn and positive hydrogen gases : and to sepa- 
rate the two constituents from each other, we have^ as we 
have seen, oaif to bring them to the same electrical state, 
and this efiect the voltaic energy produces; which &ct has 
by seme becii supposed to prove that chemical a£Bnity, that 
most important law in nature, is nothing more than the 
• attractibu Irhieh exists between bodies in different states of 
ietoetridty^ But the qpinion of Sir Humphry Davy does 
not aecbrd wi^ this view of the ftuliject, which, indeed, is 
not wanraitted by the fiu;ts« See Chemistry. 

The decomposition of the fixed alkalies, of the alkaline 
earths^ of boraeio acid, and other substances, of which very 
m tstes iipg and detailed accounts are given in the papers 
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above referred to, was discovered by Sir Humphry Davy, 
and the result of his original discovery. ^* These fiurts, 
though very striking and important, are not to be com- 
pared^ in point of value, to his original discovery of the 
principle, the decomposing power of Voltaism, which has 
made us acquainted with a new energy in nature, and put 
into our possession a much more efficient chemical agent 
than any with which we were before acquainted. Tliis is the 
discovery which does so much honour to Sir Humphry 
Davy, and has put him on a level with the small number 
of individuals who have been fortunate enough to lay open 
to the world a new law of nature/' 

The first grand experiment upon the igniting powers of 
large voltaic plcOes formed into batteries, was made by the 
French chemists, Fourcroy, Vauquelin, and Thenard ; but 
a much larger combination for exhibiting the efiects of an 
extensive surface was constructed by Mr. Children ; it con- 
sisted of a battery of twenty double plates four feet by twq» 
of which the whole surfaces are exposed, in a wooden: 
trough, in cells covered with cement, to the action of di- 
luted adds. The most magnificent battery that yet exists^ 
was constructed at the expense of some individuals, at the 
laboratory of the Royal Institution, of which the whole sur- 
fiu:e exposed to the action of the oxydating fluid, is equal 
to 128,(H)0 square inches : some of the effects of this bat- 
tery have been thus described: 

When pieces of charcoal about an inch long and one- 
axth of an inch in diameter, were brought near each other 
(within the thirtieth or fortieth part of an inch), a bright 
spark was produced, and more than half the volume of the 
charcoal became ignited to whiteness ; and by withdrawing 
the points firom each other, a constant dischar^ took place 
through the heated air, in a space equal at least to four ior 
ches, producing a most brilliant ascending arch of lights 
broad^ and conical in form, in the middle. When any sub- 
stance was introduced into tliis arch, it instantly became 
ignited; platina melted as readily in it, as wax in the flame 
<rfa common candle; quartz^ the sapphire^ magnesia^ lime^ 
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all entered into fosion ; fragments of diamond, and points 
of charcoal and plumbago, rapidly disappeared, and seemed 
to evaporate in it, even when the connection was made in a 
receiver exhausted by the air-pump, but there was no evi« 
dence of their having previously undergone fusion. 

When the communication between the points positively 
and negatively electrified, was made in air, rarefied in the 
receiver of the air-pump, the distance at which the dis- 
charge took place. increased, as the exhaustion was made; 
and when the atmosphere in the vessel supported only one- 
feurth of an inch of mercury in the barometrical gage, the 
sparks passed through a space of nearly half an inch; and 
by withdrawing the points fi'om each other, the discharge 
was made through six or seven inches, producing a most 
beautiful coruscation of purple light, the charcoal became 
intensely ignited, and some platina wire attached to it, fiised 
with brilliant scintillations, and fell in large globules upon 
the plate of the pump. All the phenomena of chemical 
changes were produced with intense rapidity by this com- 
bination. When the points of charcoal were brought near 
each other in non-conducting fluids, such as oils, ether, and 
oxymuriatic compound, brilliant sparks occurred, and 
elastic matter was rapidly generated ; and such was the in- 
tensity of the electricity, that sparks were produced, even 
in good imperfect conductors, such as the nitric and sul- 
phuric adds. 

Of the writers on this branch of science, there is little 
to be said : it is even yet too much in its infimcy to have 
admitted of a r^ular elementary treatise ; but independ- 
ently of the third volume of Cavdlo*s Electricity, to which 
we have before referred, the student should be informed of 
the following works. 

<< Experiments on Animal Electricity, with their Appli- 
cation to Physiology, &c., by Eusebius Valli, M. D." 

<< Experiments and Observations relative to the Influence 
lately discovered by M. Galvani, commonly called Animal 
Electricity, by R. Fowler/' 
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^< An Account ei the late ImproTttiwts in GUTUusifi, 
With ft set c^ imrioui Exp^iinent% ktk by John AMtni/' 
These tmclft contiUn many judicious, well-conducted and 
highly inteiresting experiments } but they relate wholly to 
Galvanism, and were all written prior to the diseot«rie^ 
since made by means of Volta's batteries* The best ac- 
counts of these discoveries will lie found in the several 
papers in the Philosophical Trausactimis already referred to^ 
and in Sir Humphry Davy's own work on Chemistry. 
There is, however, an exoelleiit article on this part at die 
seienee Under the word Galvanism, hi Dr^ Reel's New 
Cydopedia ; and another, though on a smalki scale, bi the 
Pantologia, und^ the word VoLtaism. 

MAGNETISM. 

Tfis natural maguet or loadstone Is a hard niin(ftl-fll body 
df A dai^k-brown or blaokish colbur, and when teamined^ it 
is found to be 6n or« of iron. It is sometimes found in 
linittehMfe mosses, e$i)edally ih the iron mfaite of Sweden. 
The power by which it is Influenoed, and inianenees other 
bodiesi and which Is manifested by eertain pheaomemi of 
attraetiott and repuhiiod, is called the magnetic powers and 
ihe science, in which phenosnena of this kiikd ate elassified 
aUd reduced to ceHain laws^ is eaUed magnetinn. 

The attractive power of the fbagnet was known lo the 
ahtients, but its directive power to the nordi and sotitb has 
beeti a much more modem discovery^ This vety singular 
fact was remarked by people in difiei^nt countries about 
the same period^ so that it is impossible to assign the 8ia^ 
Dovery to any particular person or oountryi It wasi hoir- 
ever, made at the end of the thirteenth, or die oomlneno4« 
ment of the fourteenth eehtury, and upon this directive 
power, dep^d the construction and use of the ina« 
riner's donlpass, which enables the seaman to guide his 
Vessel over the trackless seas, and which guides miners in 
their subterranean excavations, and travellers in their jour- 
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neys tliroiigli deserts, And the "Wild and desolate sdndd of 
Africa. 

The naitirdl mdghet has the quality of comtnuiilcatiilg its 
own attractive and repulsive properties to iron and steel, so 
that when Ws of steel are prepared by the Inagtiet, they 
themselves become magnets, and are denominated artificial 
magnets ; and whiit il5 veiy singular, these artificiiil Inag- 
net^ caii be made mtlch stronger and more poweriiil thdtl 
the natural ones from which they are formed ; fttld being 
iftore convenient, they are universally Used for all practtbd 
purposes instead of the magnet itself. 

Properties of the Magnet. — The following are the lead- 
ing and characteristic properties of a magnet, so that tio 
substance can be pfb^ierly dfehominated a magnet that is 
not })oss^sed of them all. 1. The m^tgnet attracts iron 
arid steel. 2. A magnfet, if left ttt liberty, that is, placed, 
for iristaiice, on a cork, afad plit on the surface bf Ivatef, 
sd that it (dan move frfeeljr In eVerjr dltectlbri, ^ill Jxjitlt 
towards th^ poles tif the eAHh, t>f verjr nearly id, and eaeh 
end alwftjrs poUts to the Satne pble. Ulii^ h edlled the 
potdrny, dr directive ^dwer bt th6 magliet. Wheri thfe 
riiagiiet places it^etf In this dirfecUttli, ft is said id t^at^^i^. 
3. When the north pole df brie mkgrtet is t)resetlffed Within 
tt cert^ distance to tll6 i^OUth pble df andth^r, they Will 
attract each other. But if a north pole of one be pi^esehted 
to the Koflh pdle df ^iidthef, dr h SoUth tb a sbuth, they 
will repel eafeh dlMm-. 4. A steel bar, sd hiedjr baldiiced 
as 16 remain, before it is maghetised, perfectly at rfest In 
aiiy position, dcqiiire^ by being magnetised d tehdenc^ to 
assume a particular position, which ilas a c^rtAin inclittation 
to the horizon. This tehdericy is called the ihcllnatibn or 
dip of the magnet In £urope this position of the m^et 
forms a Considerable angle with the horizon ; but the angle 
diminishes as we approach the equator. 5. Ahy magtlet 
mdjr, by the methods described by diffetTent aUthoi-s, be 
made t6 impArt those properties to iron or steel. 
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Magnetic Attraction and Repidsion. — When a piece of 
iron is brought within a certain distance of one of the poles 
of a magnet, it is attracted by it, and adheres to it so as 
not to be separated but by force. The attraction is mutual, 
the iron attracting the magnet, as well as the magnet at- 
tracting the iron : for if the magnet and the iron be put on 
two separate pieces of cork floating upon water, it will be 
seen that the iron moves towards the magnet as much as 
the magnet towards the iron. This attraction is strongest 
at the poles of a magnet, and diminishes in proportion to 
the distance of any part from the poles, so that in the 
central point between the poles there is no sign of attraction 
whatever. 

Two magnets put in the same situation as the magnet 
and iron, will, if the poles of the same name be presented 
to each other, repel each other ; but if a north and south 
pole be presented, the same kind of attraction will be visible. 
Nor will this attraction and repulsion be in the least di- 
minbhed, or any way affected by the interposition of any 
kind of bodies except iron. Thus, if the two magnets, or 
the magnet and iron, be brought together within the dis- 
tance at which action will take place, and a slip of wood or 
other substance be interposed between them, it will not pre- 
vent them from coming as close together as the interposing 
body will admit 

Iron is more easOy rendered magnetic than steel, but it 
does not retain the magnetic properties so long. The pro- 
perties of the magnet are not afiected either by the presence 
or by the absence of the air ; but heat weakens its power, and 
a white heat destroys it. 

There is considerable similarity between the effects of 
magnetism and electricity, in as far as regards attraction 
and repulsion; in illustration of which the following expe- 
riment is given. Tie two pieces of soft iron wire, fig. 9, 
each to a separate thread, and let them hang freely from a 
hook X ; if now the marked or ftorth end of a magnetic 
bar be brought just under them> the wires will repel each 
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other, which is undoubtedly occasioned by both bodies 
possessing the same kind of power. The same thing would 
have occurred had the south pole of the magnet been pre- 
sented instead of the north. These eflfects correspond to 
what may be observed in experiments with electricity. 

Strew on a sheet of paper, some iron filings, and lay a 
small magnet among them ; shake the table a little, and the 
filings will arrange themselves in the way represented in 
PL IV. fig. 10. 

If iron filings are shaken through a gauze sieve upon a 
paper that covers a bar magnet, the filings themselves will 
become so many separate magnets, and will arrange them- 
selves in curved lines. 

7%^ Polarity of the Magnet. — Every magnet, as has been 
seen, has a north and a south pole, which are at its opposite 
ends ; and a line, drawn firom one to the other, passes 
through the centre of the magnet; the line itself is called 
the axis of the magnet; and a line formed, or supposed to 
be formed all round the surface, by a plane which divides 
the axis into two equal parts, and is perpendicular to it, is 
called the equator of the magnet. 

It is the polarity of the magnet that renders it so usefiil 
to navigators ; for when a mi^et is kept suspended, so as 
to turn freely in a horizontal direction, the pilot, by looking 
•at its position, can steer his course in any required direc- 
tion. Thus, if a vessel is to be steered towards a certain 
place, which lies exactly west of that from which it sets out, 
the pOot must direct it so, that its course may be always at 
right angles with the direction of the magnetic needle of his 
compass, keeping the north end of the needle on the right 
hand side, and, of course, the south end on the left hand 
side of the vessel ; for as the needle points north and 
south, and the direction is east and west, the intended 
course of the vessel is exactiy perpendicular to the position 
of the magnet 

An artificial magnet fitted up in a proper box, for the 
purpose of guiding tiie dhrection of a traveller by sea or 
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Un^ 16 QejUfid ifcbe lo^^^tic needlej aiid ihf wbde (oget)i(Br 
is cbUb^ the ii)firiner*s compass^ fig. 1 1. 

It iQust be observefl, that though the uprth pole of the 
j^aagoetf iii every pDjrt of the world, whea at liberty) points 
to the pi^rthem partSi an^ the south pole towards the 
soutberi) parts, yet ii seldom points exactly tpwarids the 
poles of the earth. Th^ angle in which it deviates &om due 
north mi squth, is called the angle qf dedinatiortj or ike 
variation of the compass ; and the declination is sfud to be 
east apd west, apcording as the north pole of the needle is 
eastwf^rd or westward of the astronomical peridiion of the 
plM». This declination is different m different parts of tl^e 
world, and is continually varying in the same part of the 
world. When the variation was first observed, t^^ north 
pplie of the needle declined eastward of t)ie meridian of 
London ; but it has, since that f^ne, been changing pon- 
tiJittally towards the west, so that, in 1657, &e needle 
pointed diie north ^d sondi. At present its declination is 
nbout 25^ westward. 

The nmiwer*s compass giener^ly used on board of ship^, 
consists of three parts : the box, the card pf fly, i^nd the 
needle. The box, which contains the Cfurd and needle, is 
circular, and made of wood, brass, or copper; and is 
suspended within a square wooden box, by m.eans of two 
cpnosntric circles, called gimbals, so fixed by cross ax^ to 
the two boxes, that the inner one, or compass box, ^hall 
always retain a horizontal position in all mo|;ions of Xl^e 
ship, while the outer or square box is fixed with respect to 
the ship. The compass-box is covered with a pane of gUss, 
in order that the motion of the card may not be disturbed 
by the wind. The card is only a circular pitece of paper, 
which is fastened upon the needle, and moves with it. 
Sometimes tliere is a slender rim of brass, which is fastened 
to the extremities of die needle, and serves tp keep the c^td 
stretched. The outer edge of this card is divided pito 
SfiO equal parts or degrees, aiid within the pirde of those 
divisions, it is again divided into 32 equal parts or arcs, 
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wbicb we MUnd points a(ih$ wmvmsk ^ rlmmbs, eoA of 
wluch 18 si^diTided isId quarters. The ioitial ldtter«» 
K : N> £9 Occ, 4]tt »meiced to tboee rbiimbs, tp d^ote tbe 
Bortb, noftb easft 1^ The magnetic needle i$ a slaqder 
bar of h a r d ew a d «teel« Imving a bole in the middle> to 
to whidi a cookal piece <^ agate is adapted. The iqpev qf 
this hoUow cap rests upqn the ppint of a pin whjch is ^ed 
in the centre of the box, aikl upon which the needle^ bei^g 
properly balaocedf tmns very nimbly. For oommoii pur- 
poses the needles baire a conical perforation inade in the 
steel itsdi^ or in a piece of brass, which is fiwtened in the 
middle of the needle. To counteract the tendenqr to dip 
which attaches to every niagnetised needle, a small weight 
is put on the apparently lighter side, to balance it 

All the facts that were known on the subject of magnet- 
mmt before the recent discoveries of its conneKion with 
electricity^ have been satisfiM^tprily explained by the cele- 
brated JGpinus, on A hypothesis very analogous to that pf 
JDr. Franklin with regard to electricity ; and wMcb seeB^s^ 
indeed, to ^haye been su^^ested to him by that philosi^er's 
theory of the Leyden phial. He supposes a magnetic fluid 
to ef^stf having* with r^ptrd to magnetic bodies aUme, 
prcqperties similar to those of the electric fluid with regaid 
to dectrics; and thus, while a strong mutual attracticHi 
subsists between the magnetic fluid and ircm, it meets with 
difl^ent degrees of resistwce in passing* through di^^t 
kinds of irpn. The natural magnet and hard steel affqrd 
the strongest obstacles to its passage, and thus admit of its 
pennan^it aecumnlc^tion or e^austion; wbUe sofl iron 
l^^ses cmly a temporary resistance to it, and is thereSore 
incapable of retaining the magnetic state when the cause 
that induced it ceases to act. Professor Prevost and the 
French {diilosophers have adopted the hypothesis of two 
magnetic, as weU as two electric fluids. 

It has lately been discovered that electricity, during its 
passage along conducting bodies, especially the metals, has 
tbe power of indncing on them magnetic properties* The 



Digitized 



by Google 



112 NATU&AL PHflLOSOPHY, 

merit of this highly important discovery, which has awakened 
a strong interest in the scientific world, and has opened a 
new and very promising field of research, is due to Mr. 
Oersted, Secretary to ihe Royal Society of Copenhagen. 
A variety of ibcts connected with this subject, have been 
subsequently investigated by Sir Humphry Davy, Mr. 
Ampere, M. Biot, and Dr. Wollaston. The following is 
a brief outline of their discoveries. 

It is found that a metallic wire placed in the circuit of a 
voltaic batteiy, and through which a very large quantity of 
electricity, condensed in a small space, is passing, will 
afiect a magnetic needle suspended as in the mariner^s 
compass, and placed in its neighbourhood. It will attract 
or repel the poles of this needle, according to the diflerent 
positions in which they are placed with respect to the con- 
necting wire of the battery. This wire, also, during the 
passage of electricity through it, attracts and keeps sus- 
pended iron filings ; and is, besides, capable of rendering 
needles or bars of steel in its neighbourhood permanently 
magnetic. The effects of its action on soft iron, the 
attraction of filings, md its action on the poles of magnetic 
needles, cease the instant the electric circuit is interrupted. 
But the most remarkable circumstaifce is, that these effects 
take place when the connecting wire is of platina, silver, 
copper, or indeed of any other metal, as well as when it 
is an iron or steel wire. We have here, then, an instance 
of a variety of metals acquiring magnetic properties, which 
were supposed exclusively to appertain to iron. 

In these experiments the magnetic influence is not imme- 
diately exerted in a direction parallel to the wire through 
which the electricity passes, but in a direction transverse to 
it, and on all sides equally ; so that it appears to act in 
circles of which the planes are at right angles to the axis 
of the wire. It results firom this law, that the effect pro- 
duced on either pole of a magnetic needle placed above or 
on one side of the wire, will be just the reverse of what 
takes place when the same pole is placed below, or on the 
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other side of the wire. Hence the most efiectufd ntode of 
oommunicatiiig permanent magnetism to a needle by elec- 
tricity, is to bend the wire through which it is to be trans- 
mitted into the form of a Cylindrical spiral, taking care 
that the cbils do not touch each other, and then to place 
the needle to be magnetised, in the axis of the spiral,^ where 
the concurring action of each portion of the wire will of 
course be concentrated as in a focus. 

Sir Humphry Davy has discovered that precisely the 
tome effiscts are produced by the passage of common elec- 
tricity accumulated in a large Leyden battery, through a 
slender metallic wire. A number of other interesting par- 
ticulars have been ascertained, whieh are, however, of a 
nature too complicated for abridgment, but will be found 
detailed by those who wish for further information on the 
subjecti In the Philosophical Transactions for 1821, in the 
Aanals of Philosophy, the Edinburgh Philosophical Jour- 
nal, and other periodical works of the day. 

The filrst scientific work on the subject of magnetism is 
that of Dr. Gilbert, of Colchester, who is justly esteemed 
the &ther of this branch of natural philosophy. It appeared 
in 1590, under the tide of " Physiologica Nova, sen Tract- 
atus de Magnete et corporibus magneticis ;" and was one 
of the first-fruits of the experimental method of philosophy 
inculcated by Lord Bacon. Magnetism was then, indeed, 
untrodden ground; and Dr. Gilbert's work contains a 
prodigions number and variety of observations and experi- 
ments, collected with sagacity from the writings of others, 
and instituted by himself with considerable expense and 
labour. On the whole, it contmns more real information 
than any writing of the age in which he lived, and is 
scarcely exceeded by any that has appeared sincci We 
earnestly recommend it to the perusal of the curious 
reader. 

<< A Treatise on Magnetism in Theory and Practice,*' 
&c. by Tiberius Cavallo, is, at the present day, perhaps, the 
fullest work on this subject. The author, by collecting 
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from former writers whatever is curious and useful, has 
exhibited in a perspicuous manner, a comprehensive view 
of the former state of our knowledge, relative to magnetism; 
and by the arrangement which he has adopted, the reader 
will be led from the simplest to the most intricate part of 
the subject 

^^ A' concise f^ssay on Magnetism, &c. by John Lorimer, 
M.Br 

This is a much shorter work than that of Mr. Cavallo, 
but it is a very good treatise as far as it goes. An historical 
account of magnetism forms an introduction to the volume. 
The author quotes at length some curious verses of Guivot 
de IVovins, cited by the famous Athanasius Kircher and 
others, which seem to prove that the use of the magnet, in 
forming a compass at sea, was known in the twelfth century^ 
though commonly attributed to the beginning of the four- 
teenth. These verses exist in MS. in the Nati<Hial, or as 
it is now called, the Royal Library at Paris. 

« The Magnetic Adas, or Variation Charts of the whole 
Terraqueous Globe, comprising a System of the Variation 
and Dip of die Needle ; by which, Observations being truly 
made, the Longitude may be ascertained : by John Church- 
man." 

The charts in this atlas, if the principles of their con^ 
struction were correct, would be of vast importance Up 
navigation ; but the audior has probably been much too 
sanguine in his expectations. 

There is an excellent article on this subject in the second 
volume of Hau/s Elementary Treatise on Natural Philo- 
sophyj p.58-lS7; and since the publication of this treatise^ 
a memoir has been presented to die French National Insti- 
tute, " On the variations of the Terrestrial Magnetism in 
different Latitudes." 

A very clear account of the principal phenomena of mag^ 
netism has been given in the Supplement to the former 
edition of the Encyclopaedia Britannica, by the masterly 
hand of Professor Robison. 
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The work of CEpinus, contuning the development of 
his Theory, fi>rmerly alluded to, is entided, ^ Tentamen 
Theorise Magnetismi et Ellectricitatis*'* This, together with 
Professor Frevost's Treatise on the Origin of Magnetic 
Forces, Coatomb's Pspers on the Law of Magnetic ^nd 
Electric Forces, and the part of Biotas ** Traits de Physiqae 
Matli6natique et Exp^rimentale,'' which treats of magneto 
ism, should be attentively studied by all who wish to render 
themselves masters of this subject 
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Continued^ 

AiTftoNOMir, Sketch of the Mistoiy cX*^ Appeonmces of the Hearenh 
Bodies -« Division of the fixed Stan — ConrteUations^ Speculations 
of Dr. Henchd — Solar System -^ Stin — Planets: Mercury — 
Venus-* The Earth — Mart — Ceres — Pallas — Juno — Vcsu — 
Jupiter — Saturn •— Georgium Sidus — Satellites -— Moon. 

JVlosT authors refer the origin of Astronomy, either to 
Chaldea or Egypt The Chaldeans boasted of their temple 
or tower of Bdus, and of Zoroaster, whom they placed 5000 
years before the destrucdbn of Troy; and the Egyptians speak 
of their colleges, in which astronomy was taught, and of the 
monument of Oxymandyas, in which it is said there was a 
golden circle of S65 cubits in circumference, divided into 
365 parts, corresponding to the number of days in the year. 
There are, on the page of history, unquestionable facts, 
which prove that both the Chaldeans and Egyptians were 
acquainted with many of the principles of Astronomical 
science, at a very early period. 

From Chaldea and Egypt, this science passedinto Phoenicia, 
the inhabitants of which country, applied it to the purposes 
of navigation, steering their course by the north-polar star ; 
and hence they became masters of the sea, and of almost all 
the commerce of the world. The Greeks, it is probable, de- 
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rived their astronomical knowledgechiefly from the Egyptians 
and Thceniciansy by means of several of their countrymen 
who visited these nations for the purpose of learning the 
different sciences. Sir Isaac Newton supposes, that most 
of the constellations were invented about the time of the 
Argonautic expedition, though other writers imagine they 
can trace this species of knowledge to a much earlier period. 
Several of the constellations ai^ mentioned by Hesiod and 
Homer, the two- most ancient of the Greek writers, who 
flourished about nine centuries before the birth of Chrbt. 
Their knowledge was greatly improved by Thales, who« 
flourished three hiindred years later : this philosopher was . 
followed by Anaximandeis Anaxagoras, and especially 
Pythagoras, who lived five centuries and a half beibce the 
Chijstian a^a, and taught the true system. o£ thewojld, as 
it has been demonstrated by Copernicus and Newton in 
later, limes. 

Eratosthenesj about two hundred and fifty years before the 
birth of Christ, measured the earth by means of a gnomon : 
he also determined tlie distance between the tropics, and 
made the obliquity of the ecliptic to be 25^ 51^. Archi- 
medes, likewise was a.great cultivator of astronomy, as welL 
as. of geometry and mechanics : he determined the dis- 
tances of the planets, and is said to have constructed a^ 
sort of planetarium, which represented the phenomena ami . 
motions of the heavenlybodies. Hipparchus, who flourished 
a century later than Eratosthenes, was the first person who . 
applied himself to every part of Astronomy : he discovered 
that the orbits of the planets are not circular, but elliptic, 
that the mopn moved slower in one part of her orbit than . 
in anotiier, and ipany other facts, of which his predecessors 
had no idea. But the chief work of this philosopher is. his 
catalogue of fixed stars, to the number of more thaa a 
thousand, with their longitudes, latitudes, and apparent 
magnitudes. From Mipparchus to. Ptolemy, who flourished 
in the first century of the Christian sera, little or no pro- 
gress, is to be traced in the study of Astronomy. Ptolemy 
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made a system of his own, whidi» though proved in after- 
times to be completely erroneous, was implicitly followed 
for many ages by all nations. He compiled a great work 
entitled the Almagest, which contained the observatioDs 
and collections of Hipparchus and his other predecessors 
in Astronomy ; on whidi account it baa always been in the 
highest estimation with the professors of that science. This 
work most fortunately escaped the horrible conflagralicm of 
the Alexandrian library, was translated out of Greek into 
Arabic in the year 827, and from that language into the 
Latin in 12S0. 

Considerable ui]|)roTementa were made in astronomy by 
the Arabians; among whom may be mentioned Arzache!, 
a Moor of Spain, who observed the obliquity of ihe ediptic^ 
and greatly improred Trigonometry; and Alhazen, his 
contemporary, who wrote upon the twilight, the pheno- 
menon of the horiacmtal moon, and who first dem<mstrated 
the importance of th# theory of Refractions in astronomy. 
By the settlement of the Moots in Spain, the sciences in 
general were introduced into Europe; from which period 
diey hare continued to improve^ and to be communicated 
from one people to another, to the present time, when 
- astronomy and all the sciences have arrived at a very emi- 
nent d^ree of perfection. In this outline, the names of 
very few of the promoters of astronomy can be mentioned : 
in the selection, Nioolaus Copernicus must not be omitted. 
Early in the sixteenth century he conceived doubts respectr 
ing the Ptolemaic system, that made the earth a centre^ 
round which the sun and planets revolved; and suspected 
that the sun himself must be the central body, which gave 
motion, as well as light and heat, to tiie planets* To con- 
firm hb theory, he made the most diligent observations, 
formed new tables, and at length, in 1580, completed a 
work containing these observations, and a renovation of 
the true system of the universe, in which the planets are 
proved to be bodies revolving about the sun. This was 
the system of Pythagora«s of old. Tycho Brahe, a noble 
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Dane, attempted to improve upon the Coperaican system ; 
but his account of the planetary motions was involved, and 
very shortly fell to the ground. The labours of Tycho 
were, however, very important to the science of astronomy,, 
although his system was the work of a fertile imagination 
only. He observed the great oonjun<^on of Jupiter and 
Saturn, and he constructed, or caused to be constructed, 
many much improved astronomical instruments. He dis- 
covered, in 1571, a new star in the chair of Cassiopeia; 
which induced him, like Hipparchus on a similar occasion, 
to make a catalogue of stars. Kepler was the next great 
improver of the astronomical science : he discovered several 
of the true laws of nature, by which the motions of the 
heavenly bodies are regulated. He ascertained, to a cer- 
tainty, that all the planets revolve about the sun, not in 
circular, but in elliptical orbits, having the sun in one of 
the foci of the ellipses : — that their motions are noi 
equable, but varying quicker or slower,, as they are nearer 
to, or fiurther from the sun : — that the aiefis, described by 
an imaginary line drawn from the sun to the pliuiets, ara 
equal, in equal times, and of course proportional to the • 
times of describing them. He also discovered by trials, . 
that the cubes of the mean distances of the planets from . 
the sun, are in the same proportion as the squares of the 
perio^cal times in which they revolve about the sun. 

The b^inning of the seventeenth century was distin- 
^ished by the invention of telescopes, and the iqpplication 
of them to astronomical observations. The more, distin- 
guished early observations with the telescope were made by 
Galileo, Huygens, and Cossini. Galileo is said to have 
manufactured with his own hands the telescopes with which 
were discovered the inequalities of the moon's surface 
Jupiter*s satellites, the ring of Saturn, and the spots on the 
surface of the sun, by means of which he discovered the re- 
volution of that luminary round its axis. Hevelius furnished 
a catalogue of fixed stars more complete than that of Tycho. 
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Huygens and Cassini dlBCOvered the satelUti^ of Sfitnm 
and his ring. 

The illustrious Newton first demonstrated fhmi physical 
considerations, the laws by which the motions of the hea- 
venly bodies are regulated. He taught upon mathematical 
principles, whence arose that constant and r^^lar propor-i 
tion observed both by the primary and secondary planets, 
in their revolutions about their central bodies* 

Mn Flamstead was appointed the first astronomer-royal 
at Greenwich, in 1675. He kept an almost perpetual 
watch, for the space of forty-four years, on all the oelestiat 
phenomenon, viz. on the sun, the planets, the moon, and 
fixed stars, of all which he gave improved theories and 
tables, and he formed a catalogue of three thousand stars, 
with thdr places, to the year 1689. 

{n 1719, Mr. FUunstead was succeeded by Dr. Halley, 
who gave the world the astronomy of comets, and a cata* 
logue of stars in the southern hemisphere* On the deadi 
of Halley, in 1742, he was succeeded by Bradley, as astro* 
nomer-royal, who^ in addition to the other benefits which 
he conferred on science, discovered the aberration of light, 
and the nutation of the earth's axis. This astronomer was 
succeeded, in 1762, by Mr. Bliss, who did not retain the 
office many years, and was followed by Dr. Maskelyne, 
who had, in the year 1761, be^ sent by the Royal Society 
at a very early age, to the island of St. Helena, to observe 
the transit of Venus oyer the sun, and the parallax of th^ 
star Sirius. The labours of Dr. Maskelyne through a long 
course of years, are highly estimated by all those who are 
capable of appreciating his merit. 

The discoveries of Herschel, Piazzi, Harding, and 
Olbers, form a new aera in astronomy. The former of these 
gentlemen, by his great skill in the construction of large 
specula, has made telescopes which have opened new views 
of the heavens, and unfolded scenes, which cannot foil to 
excite our wondei*, admiration, and reverence of the Creator. 
In March, 1781, he discovered a new primary planet, 
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named by himseU^ in honour of his patron, the present 
king, the Oeorgimn Sidus ; but called by foreign astrono- 
mers, the Herschel, or the Uranus* He also disoorered 
the six satellites which accompany this planet, and the two 
additional satellites that reyolve about the planet Saturn. 

M. Piazzt, astronomer-royal at Palermo, discorared, on 
the 1st of Jfuiuary, 1801, another planetary body, moving 
between the orbits of Mars and Jupiter : this is named the 
Ceres Ferdinandea* Another small planetary body was dis- 
covered by Dr. Olbers^ on the SSth of March, 1802, which 
has been named the Pallas, and is about the same distance 
from the sun as Ceres, their orbits intersecting each other. 
Two other small planets have been since discovered, whose 
orbits are likevrise between the orlnts of Mars and Jupiter; 
of these, one was first seen in September, 1804, by Ml 
Harding, which was named Juno: the other was disco* 
vered by Dr. Olbers, in 1807, and is known by the name 
of Vedta. Such is a brief sketch of the history of astronomy 
brought down to the present period. 

Heavenly bodies*^- To the uninformed spectator, the 
earth appears an extended plain, round which, once in 
twen^-four hours, the sun and stars seem to revolve. In 
the mornings the sun appears to rise in the eastern side of the 
heavens, to ascend to a certain height; and in the evening 
to descend towards the west, where . it is lost The stars 
seem to follow the same courses which is repeated daily, 
and without intermission. The points of the sea, or earth, 
^hich limit our view, constitute the horizon, being the 
plac^ where the het^venly bodies seem to rise and set* 

The sun and moon, the bodies with which we are more 
particularly concerned, appear to us to be the largest of 
the heavenly bodies. But from their apparent, we cannot 
immediately determine their real magnitudes. It is, bow- 
ever, of some importance to know how to estimate the 
apparent magnitudes of the heavenly bodies. We have 
seen in the chapter on optics, that all objects become 
visible by means of the luminous rays which they transmit 



Digitized 



by Google 



122 NATURAL PHILOSOPHY. 

to us. When, for instance, we observe a celestial body, 
the rays of light proceeding from the opposite sides of its 
disc intei*sect each other in our eye at a cerUun angle : the 
arc which measures this angle, determines the apparent 
magnitude, or at least, the apparent diameter of the object. 
The fixed stars do not ofier such a regular disc, as to 
enable the eye or even the best instruments to appreciate 
their diameters* These, however, constantly retain the 
same mutual arrangement and position : they rise and set 
constantly at the same points of the horizon, without being 
liable to any perceptible variations, excepting after very 
extensive intervals of time. Ten other heavenly bodies 
only, besides the sun and moon, are exceptions to these 
rules : these, indeed, rise and set in the same manner as 
the stars rise and set ; but on carefully remarking their 
positions, it will be percdved, at the end of some days, that 
they have changed their places : they no longer accompany 
the same stars, and no. longer rise and set at the same 
points of the horizon. Hence they are called planets, or 
wandering stars, and in opposition to these, the others 
receive the name of fixed stars. 

Besides the planets and fixed stars, there are seen occa- 
sionaliy in the heavens other stars, which at first appear 
very small, slightiy luminous, and move among the stars 
veiy slowly: ailierwards their brilliancy is increased, and 
their velocity is greatly augmented ; they then gradually di- 
minish and at length are totally lost from the sight These 
wandering bodies are usually accompanied with a luminous 
tail, which attends upon them during a part of their appear- 
ance : sometimes tiiey are surrounded by something that 
has the appearance of hair, canuh hence they have obtained 
the name of comets. 

The fixed stars shine no doubt by their own light, be- 
cause they could not at the immense distances at which 
they are, be seen by reflected light. The light of the stars 
appears to the naked eye to be generally white ; being too 
fiunt to excite the idea of any particular colour, but when 
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it is concentrated by Dr. Herschd's large specula, it 
appears, in various stars, of rarious hues; and to those 
who have keen sight, some of the fixed stars, even to the 
unassisted eye, appear a little redder, and others of a bluish 
cast. 

Without glasses, more than two thousand stars are never 
visiUe^ and not more than one thousand at any one place 
and time; but when telescopes are used, the number of 
fixed stars appears to increase without any limits, except 
those which are occasioned by the imperfections of the 
instruments employed. Dr. Herschel has observed in the 
milky way above ten thousand stars in a small space in the 
heavens. Dr. Halley, and some other astronomers, have 
assumed that their number must be infinite, in order that 
they may remain at rest, by the opposition of attractions, 
acting in every possible direcdon. 

The stars, on account of their apparently various magni- 
tudes, have been distributed into several classes. Those 
which appear largest, are called stars of the first magnitude ; 
the next to them in brilliancy, stars of the second magni- 
tude; and so on to the sixth, which are the smallest that 
are visible to the naked eye. Those which cannot be dis- 
tinguished by the naked eye, are called telescopic stars. 

The ancients divided the starry sphere into particular 
constellations, or systems of stars, according as they lay 
near one another, so as to occupy those spaces which the 
^ures of dlBferent sorts of animals would take up, if they 
were thus delineated. Those stars, which could not be 
brought into any particular constellation, are called un- 
formed stars. 

The division of the stars into constellations, or, as they 
are sometimes called, asterisms, serves to distinguish them 
fit>m one another, so that any particular star may be readily 
found in the heavens, by means of a celestial globe ; on 
which the constellations are so delineated, as to put the 
most remarkable stars into such parts of the figures as are 
most easily distinguished. The number of the ancient 
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constellations is 48, and upon globes of modern construc- 
tion and of a large size, there are about 70 : and on the 
better sort of globes are inserted Bayer^s letters, the first, oi, 
in the Greek alphabet being put to the largest star, in each 
constellation; the second, |3, to the next in magnitude; and 
the third, y, to the next; and so on: by which means 
every star is as easily found, as if a name were given to it. . 

There is another division of the heavens into three parts, 
viz. 1. The zodiac, so called, from the Greek word signify* 
ing an animal, because most of the constellations in it, which 
are twelve in number, have the names of animals, as Aries^ 
the ram ; Taurus, the bull ; Gemini, the twins ; Cancer, the 
crab ; Leo, the lion ; Virgo, the virgin ; Libra, the balance; 
Scorpio, the scorpion ; Sagittarius, the archer : Capricomus, 
the goat ; Aquarius, the water-bearer ; and Pisces, the fishes. 
The zodiac goes quite round the heavens, and is about six^ 
teen d^rees broad ; so that it takes in the orbits <^ the 
moon and of all the planets, excepting three of those smaller 
planetary bodies lately discovered, that revolve between 
Mars and Jupiter. Along the middle of this zone is an 
imaginary line, called the ecliptic, or that circle, which the 
sun appears to an inhabitant of the earth to describe, but . 
which the earth really describes in its annual journey round 
the sun. 2. All that region of the heavens which is on the 
north side of the zodiac, containing twenty-one of the an- 
cient constellations ; and, 3. That on the south side, con- 
taining the other fifteen. The names of the constellations, 
and the number of stars observed in each of them by Ptole- 
my, Tycho, Hevelius, and Flamsteed, are pven in most 
elementary books. 

Besides the names of the constellations, the ancient Greeks 
gave particular names to some single stars, or small collec- 
tions of stars: thus we have Sirius, the great dog^star; 
Proa/on, the litde dog; Cor^Lconis, Arcturus, &c. We 
have also the cluster of small stars in the neck of the bull 
called the Pleiades; and five stars in the bull's face, deno* 
minated the Hyades. 
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The fixed stars are apparently dispersed in the heavens, 
without any r^ular order; but the attentive observer, espe- 
cially if he possess instruments for the purpose, will perceive^ 
in many parts of the heavens, that a number of them are so 
much nearer tc^ther than the rest, as to form a duster, or 
in other cases, a small cloud or nebula* The ancients had 
noticed some of the tndst cOd^icuous nebulas, but Huygens 
first directed the attention of modem astronomers to the 
large one, situated in the omstellation Orion. Dr. Herschel 
has of late years given catalogues of 2500 nebulae, many of 
which can be resolved into separated and individual stars by 
very hi^ magnifying powers ; but others appear to be more 
widely separated, and are iiidividual stars of that particular 
nebula in which we are placed, and of which the marginal 
parts may be observed in the form of a lucid aone, which i^ 
called the milky way, being too distant to allow its consti- 
tuent stars to be perceived by the naked eye* 

Accurately speaking, the stars are not absolutely fixed 
with respect to each other ; for several of them have par^ 
ticular motions, which have been discovered by a compari* 
son of observations made at distant times. Arcturus has a 
progressive motion, amounting to more than two seconds 
in A year. Dr. Maskelyne discovered that out of thirty-six^ 
whose places he ascertained with great precbion^ thirty-five 
had a pcoper motion of their own. 

Respecting the arrangement of the fixed stars into dif- 
ferent systems, we may give an abridged account of Dr. 
Herschel's speculations. He has divided them into a num- 
ber of classes, to each of which he has assigned a distinct 
character. Some he supposes, like our sun, to be insulated 
stars beyond the reach of any sensible action of the gravit- 
ation of others ; and around these alone he conceives that 
planets and comets revolve. Double stars, in general, he 
imagines to be much nearer to each other, so as to be ma- 
terially affected by their mutual gravitation, and only to 
preserve their distance by means of the centrifugal force 
derived from a revolution about their common centre of 
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grayiQr : an opinion which, he thinks, is strcmgly supported 
by his own observations of some changes in the positions of 
double stars. Others again he supposes to be united in 
triple, quadruple, and still more compound systems. A 
fourth class consists of nebulse like the milky way, the clus- 
ters of stars being rounded, and appearing brightest in the 
middle. Groups of stars Dr. Herschel distinguishes from 
these by a want of apparent condensation about a centre of 
attraction ; and clusters, by a still greater central compress 
sion. A seventh class includes such nebulas as have not 
yet been resolved into stars, some of which Dr. Herschel 
supposes to he so remote, that the light emitted by them 
must actually have been two millions of years in travelling 
to our system. The nebulae of another description resemb- 
ling stars surrounded by a bar, or faint disc of light, a 
difiused milky nebulosity, apparently produced by some 
cause distinct from the immediate light of any stars, are the 
next in order ; and Dr. Herschel has distinguished other 
more contracted nebulous appearances, in different states of 
condensation, into the classes of nebulous stars and planetary 
nebulae, within and without bright central points. 

Farther, it is iuUy ascertained, that some of the stars have 
periodical changes of brightness, which are supposed to 
arise either from the temporary interposition of opaque 
bodies revolving about them ; or, still more probably, from 
a rotatory motion of their own, which brings, at certain 
periodical times, a less luminous part of the surface into our 
view. Thus, the star Algol, which is usually of the second 
magnitude, becomes at intervals of two days and twenty-one 
hours each, of the fourth magnitude only, and occupies 
seven hours in the-gradual diminution and recovery of its 
light Other irregular variations may possibly be occasioned 
by the appearance and disappearance of spotsy' occurring 
like the spots of the sun, without any determinate order, or 
assignable cause ; and many stars have, in the course of 
ages, wholly disappeared, and sometimes have been again 
recovered : others have made their appearance for a short 
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time, where no star had before been seen. Such a tempo- 
rary star was observed by Hipparchus, 120 years before the 
Christian sera ; and this circumstance suggested to him the 
propriety of making an accurate catalogue of all the stars, 
with their respective situations ; which is still extant, having 
been preserved by Ptolemy, who added 4 stars to the 1022 
that it contained. In 1572, Cornelius Gemma discovered 
a new star in Cassiopeia, which was so bright as to be seen 
in the day-time, and gradually disappeared in sixteen 
months. Kepler, in 1604, observed a new star in Serpen- 
tarius, more brilliant than any other star or planet, and 
changing perpetually into all the colours of the rainbow, 
except when it was near the horizon : it continued visible 
for about a year. Many other new stars have also been 
observed at different times. 

The Solar System consists of the Sun : seven primary 
planets ; Mercury, Venus, the Earth, Mars, Jupiter, Sa- 
turn, and the Herschel : eighteen secondary planets, the 
Earth's Moon, Jupiter's four satellites, Saturn's seven, and 
six belonging to the Herschel ; and an uncertain number of 
comets. To these must be added the four small planetary 
bodies lately discovered revolving between the orbits of 
Mars and Jupiter; and named Ceres, Pallas, Juno^ and 
Vesta. 

Ptolemy supposed the earth to be perfectly at rest, and 
the sun, moon, planets, comets, and fixed stars, to revolve 
about it eveiy day ; but that besides this diurnal motion, 
the sun, moon, planets, and comets, had a motion in respect 
to the fixed stars; and were situated, in respect to the 
earth, in the following order : the Moon, Mercury, Venus, 
the Sun, Mars, Jupiter, Saturn. The revolutions of these 
bodies he supposed to be made in circles about the earth 
placed a little out of the centre. This system will not solve 
the phases of Venus and Mercury, and, therefore, cannot 
be true. ^ 

The system received by the Egyptians was this : the earth 
was supposed immoveable in the centre, about which re- 
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Voived, in order, the Moon, Sun, Mars, Jupiter, and SatunSf 
and about the Sun revolved Mercury and Venus, This 
disposition will account for the phases of Mercury and 
Venus, but not for the apparent motions of Mars, Jupiter, 
and Saturn. 

Another system was that of Tycho Brahe, a Danish 
nobleman, who was anxious to reconcile the appearances of 
nature with some passages of the Scriptures, taken in tlieir 

. literal interpretation. In his system, the earth is placed 
immoveable in the centre of the orbits of the sun and moon, 
without any rotation about its axis ; but he made the sun 
the c^itre of the orbits of the other planets, which, there* 
fore, revolvetl with the sun about the earth. Objections to 
this system are: tlie want of that simplicity, by which all 
the apparent motions may be solved ; and the necessity of 
supposing that all the heavenly bodies revolve about the 
dearth every day. 

Some of Tycho's followers, seeing the absurdity of a 
diurnal revolution of the heavenly bodies about the earth, 
gave a rotatory motion to the earth ; and this was called 
the Semi-Tychonic system. 

The system which is now universally received, is called 

' the Copemican. It was formerly taught by Pythagoras, 
500 years before Christ ; and afterwards rejected, till re* 
vived by Copernicus, in tlie sixteenth century. Here the 
sun is placed in the centre of tlie system, about whl£h the 
planets revolve from west to east, in the following order : 
Mercury, Venus, the Earth, Mars, Jupiter, Saturn, and 
the Herschel planet: beyond which, at immense distances, 
are placed the fixed stars. The moon revolves round tlie 
earth ; and the earth turns round its own axis. The other 
secondary planets move round their respective primaries 
from west to east at different distances, and in different 
periodical times. 

According to this doctrine, the sun S, is the centre of the 
system ; Mercury c, Venus 6, the Earth /, Mars e, Jupiter 

f^ and Saturn h, revolve in elliptical orbits round the sun ; 
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the moon dy revolves about the earth ; and the satellites of 
Jupiter, Saturn, and the Herschel, revolve about their 
primaries, and the planes of their orbits are inclined to one 
anotbei\ See Plate V. fig. 1. 

This doctrine, being admitted as true, will account for ail 
the apparent motions, and other phenomena, of the hea- 
venly bodies. 

The sun is a spherical body, whose diameter is about 
883,250 English miles, or 1 11 times krger than tliat of the 
earth, assuming the latter to be 7950 miles ; of course its 
magnitude is more than 1,367,631 times greater than tliat 
of the earth : but as the mean density of the earth is almost 
four times greater than that of the sun, the quantity of 
matter in the sun to that in the earth is about 340,000 : 1. 
In other words, the centre of gravity between the earth and 
sun, will be 340,000 times nearer the centre of the former 
body, than the centre of the latter, that is, within about 
340 miles of the centre of the sun. 

The sun afibrds to all the bodies that circulate about him, 
light and heat, and so much greater in proportion, as their 
distances are less from him ; and he binds them to him by a 
certain influ^ice, called, for want of a better term, the at- 
' traction of gravitation. The sun agrees with the fixed stars 
in the proper^ of emitting light continually, and in retain- 
ing constantly its relative situation with very little variation. 
The sun, therefore, speaking generally, may be considered 
as a fixed star comparatively near to us, and the stars as 
suns at immense distances from us ; hence it is inferred that 
the stars are possessed of gravitation, and of the other 
general properties of matter. They are supposed likewise 
to enut heat as well as light ; and probably cherish the in- 
habitants of a multitude of planetary bodies revolving about 
tfaem', as the earth and other planets revolve about our sun. 
The sun, like many of the fixed stars, has probably a pro- 
gressive motion ; which, from a comparison of the apparent 
motions of a great number of the stars, is supposed to be 
directed towards the constellation Hercules. 

VOL. I£. K 
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The sun revolves on its axis in about twenty-five days 
ten hours, from west to east, that is, supposing the order 
of the signs to be known, and a point in the sun to be op- 
posite Aries, it moves towards Taurus. All the rotations 
of the difierent bodies, which compose the solar system, as 
far as they have been ascertained, are in the same direction. 
The time and direction of the sun's rotation is ascertained 
by the change in the situation of the spots, which are 
usually visible on his disc. The spots are frequently ob- 
served to appear and disappear, and they are in the mean 
time liable to great variations, but are generally found about 
the same points of the sun's surface. On the difierent 
theories respecting the sun we cannot enter at large; but 
shaU briefly observe, that Mr. King, in 1788, published a 
dissertation on that body, in which he advanced, that the 
real body of the sun is less than its apparent diameter : 
that we never discern the real body of the sun itself, except 
when we behold tlie spots : that the sun itself is inhabited 
as well as the earth and planets, and is not necessarOy sub- 
ject to burning heat ; and that there is no violent element- 
ary heat existing in the rays of the sun, but that they 
produce heat only when they come in' contact with the 
planetary bodies. Since Mr. King advanced his theory. 
Dr. Herschel has given, in the Transactions of the Royal 
Society, his speculations on the nature of the sun. Ac- 
cording to this able philosopher, the sun is a most magni- 
ficent habitable globe, surrounded with a double set of 
clouds. Those which are nearest its opaque body are less 
bright, and more closely connected than those of the upper 
stratum, which form the apparently luminous globe we 
behold. This luminous external matter is of a phosphoric 
nature, having several accidental openings in it, through 
which we see the sun's body, or the more opaque clouds 
beneath. These openings form the spots we see. The 
sun, says the Doctor, in another paper, appears to be a 
very eminent, large, and lucid planet, evidently the first 
and only primary one belonging to our system. Its simi- 
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larity to tlie other globes of the solar system, urith regard 
to its solidity — its atmosphere — its surface diversified 
with mountaifls and vallies — its rotation on its axis — and 
the fall of heavy bodies towards its surface — leads us to 
suppose that it is most probably inhabited, like the rest of 
the planets, by beings whose organs are adapted' to the 
nature of that vast globe. 

This way of considering the sun is of the utmost import- 
ance in its consequences* Since stars appear to be sun$, 
and suns, according to the common opinion, are bodies 
that serve to enlighten, warm, and sustain a system of 
planets, we may have an idea of numberless globes that 
serve for die habitation of living creatures* But if these 
suns themselves are primary planets, we may see thousands 
at different period^ with the naked eye, and mtUions with 
the help of telescopes ; and at the same time, the analogical 
reasoning still remaids in full force with regard to the 
planets which these suns may support. See Transactions 
of the Royal Society for the years 1794 and 6.—^ But to 
return to tlie Solar System. 

The planets perform their revolutions about the sun, in 
elliptical curves, differing but little from circles, and of 
which the centre of the sun, or rather the common centre 
of gravity of the whole system, occupies one of the foci. 
Each of the planetary oiHbits is in a plane, which passes 
through the centre of the sun. The plane of the earth's 
orbit, that is, of the path along which it travels, is denomi-. 
nated the plane of the ecliptic, the ecliptic being that circle^ 
which, to an inhabitant of the earth, the sun appears to de- 
scribe in a year. By considering this plane as indefinitely 
extended on all sides, the planes of the orbits of the other 
planets will be cut by it ; and hence the positions of these, 
that is, the angles of their obliquity, are all referred to th« 
ecliptic, or earth's orbit, as a scale by which they are mea- 
sured. Thus the inclinatfon of the orbit of Mercury to that 
of the earth is 7% tfiat is, one half of the orbit of Mercury 
rises above the orbit of the earth, and tl^e c^er half falls 
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below it. The following easy illustration of this principle 
has been given in some of our deihentary treatises. Sup- 
pose a bowl, or other concave vessel nearly filled with water, 
the sur&ce of which, when at rest, will trace a circular line 
round the inner surface of the bowl, which may represait 
the edfptic, while the surface of the water is the plane of 
the eclipdc, and the bowl one half of the concave sky. If 
now a circular ring, hoop, &c. be immersed in the vessel of 
water, so that one half of it rises above the surface, at an 
angle of 7% the other half will be as much below, and the 
ring may represent the orbit of Mercury. Another ring 
rising above the sur&ce of the water at an angle of about 
Si^ will represent the orbit of Venus; and so of the rest 

All the planets move in their orbits from west to east 
The velocities with which they move, are not invariable, 
but the areas described by their radii vectores, that is, by 
lines supposed to be drawn from them to the centre of the 
sun, are always equal in equal tunes, or proportional to the 
times of description. Therefore the motions of the planets 
are likewise so much the more rapid, as they are nearer to 
the sun ; so that the magnitude of the orbit, and the slow- 
ness of the motion, concur in augmenting the durations of 
their sidereal revolutions. 

Mercury and Venus are nearer to the sun tiian the earth, 
therefore by us they are called inferior planets ; those, which 
move in orbits beyond the orbit of the earth, are called 
superior planets. To the inhabitants of other planets, the 
terms inferior and superior, will be differentiy applied : to 
the earth there are, exclusively of the four small planetary 
bodies lately discovered, two inferior and four superior 
planets ; but to an inhabitant of Jupiter, there «re four in- 
ferior planets, and two superior. 

• Mercury is about 3224 miles in diameter, and revolves 
round the sun in 87 days, at the distance of 37 millions of 
miles from that body. He is not often seen by the inha- 
bitants of the earth, on account of his nearness to the sun, 
and to them he always appears on the same side of the hea- 
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Tens with the sun ; ot course he can be seen fai the east, 
only in the morning a litde before sun-rise ; and in the west, 
in the evening, a little after sun-set When Mercury is 
viewed with a telescope of hi^ magnifying powers, he ex- 
hibits nearly the same phases as the moon, being sometimes 
homed, and sometimes full, &c* It has never been com- 
pletely ascertained whether he turns on his axis, though 
Schroeter suspected that he had discovered his diurnal 
period to be equal to more than 24 of our days. The cha- 
racteristics of this planet are thus described by the poet 
Mallet: 



• Mercury, the fint. 



Near bordering od the day, with ipeedy wheel 
Fh'cs swiftest on, inflaming where he comes 
With seven-fold splendour. 

The seven-fold splendour refers to tlie quantity of light 
and heat which he enjoys, compared with the earth : for 
light and heat are always difiused round the central body 
inoerseUf as the squares of the distances of the planet from 
the sun ; thus Mars being about twice the distance from 
the sun that the earth is, will enjoy only one-fourth as much 
light and heat from the sun as we enjoy. So in calculating 
the quantities of light and heat enjoyed by Mercury, com- 
pared with what we enjoy, and knowing his distance frx>m 
the sun to be 37,000,000, and the distance of the earth to 
be 95,000,000, we say, by the proposition above , calling 
the lig ht or heat enjoyed by the earth, unity, ^^^|f 
* )^ ; : 1 to a fourth proportion, or omittmg the cyphers, 
and by a common rule in fractions, it will be as ^^ r^< : 
l:?|l« = ^|li = 7 nearly. 

The diameter of Venus is not quite so large as that of the 
earth, being about 7648 miles in length ; she performs her 
revolution about the sun in 224 days, at the distance of 68 
millions of miles from the sun; so that she will enjpy twice 
as much benefit from the sun with r^ard to light and heat, 
as we enjoy ; for it will be as above 5*= »\' • • 1 %\lx = 2 
nearly. With almost any telescc^e this beautiful planet 
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exhibits all the same phases as those of the moon. Venus 
is an evening star, when she appears east of the sun ; and 
a morning star, when she is west of him. Twice in the 
course of IdO years^ Venus passes over the disc of the Sun ; 
this phenomenon is denominated the transit of Venus ; and, 
by means of it, astronomers have been enabled to ascertain; 
with great accuracy, the distance of the earth from the Sun. 
Venus is thought to furn on her axis in about 23 hours and 
20 minutes: she is said to have an atmosphere fiAy miles 
in height. The inclination of the orbit of Venus to the 
plane of the ecliptic, is in an angle of nearly 4 degrees. 

The earth, like the other planets, is spherical, but not an 
exact sphere. Its diameter is about 7950 miles in length, 
but the diameter at the equator is 37 miles longer than that 
from pole to pole. It turns on its axis in about 24 hours, 
which causes the succession of day and night, every part of 
it being in that time, successively brought into, and con- 
tinued in the light of the sun. It has another motion in 
its orbit round the sun, which is performed in M5 days, 5^ 
liours, 4& minutes and 4d seconds. 

The diameter of the earth, in its course round the sun, 
is not perpendicular to its orbit, but inclined to it in an 
angle of 23^^ ; it is owing to this that the days and nights 
are of different lengths, in different parts of the gldbe. The 
seasons of spring, summer, autumn, and winter depend (1) 
on the length of the days and nights ; and (2) upon the 
position of the earth with respect to the sun, that is, upon 
the perpendicularity with which ihe rays of the sun fiiU 
upon any particular part of the earth. We have observed 
that the motions of the planets in their orbits, are more 
irapid in proportion to their nearness to the sun r thus the 
telocity of Mercury is found to be at the rate of 105,000 
miles hs an hour ; that of the earth, at the rate of GS9OOO 
'miles in an hour; and the velocity of Mars, is equal to 
53,000 miles in an hour. The velocity of the same planet 
is different in different parts of its orbit : it moves faster 
when nearer the sun, and^ slower when farther from iu 
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Marsy the firstof the saperior planets, isdistinguUbed from 
the rest by the redness of its colour, a circumstance that has 
been attributed to the density of its atmosphere. His figure, 
like that of the earth, is an oblate spheroid ; and he travels 
round the sun in about 6S7 days, at the mean distance of 144 
millions of miles from that body. He has likewise a rotation 
on his axis in 24 hours, 39 minutes, a fact that has been 
discovered by means of an immensely large spot seen on his 
surfiure, when he is in that part of his orbit which is c^posite 
to the sun and the earth. The orbit of Mars is inclined to 
the plane of the ecliptic in an angle of nearly two degrees^ 

The planet Ceres, if this and the three following be en^ 
titled to the name of planets, when viewed through a good 
telescope, is of a ruddy colour, and appears to be of the 
size of a star of the eightli magnitude. It performs its re- 
volution about the sun in 4 years, 7 months, and 10 days, 
at the mean distance of 260 millions of miles from that body* 
The magnitudes of this and the other bodies between Mars 
and Jupiter are not by any means clearly ascertained. Dr. 
Herschel makes the diameter of Ceres to be (xily 160 miles, 
whereas Schroeter makes it more than ten times as large, 
or 1624 miles in I^igth. The inclination of its orbit to 
the plane of the ecliptic is in an angle of more than 10 de-^ 
grees. 

Pallas is nearly of the same magnitude with Ceres, from 
which, and^from all the other planets it is chiefly distinguished 
by the great indinadcm of its orbit to the plane of the ecliptic, 
making an angle of 34^ nearly with it. Its mean distance 
from the sun is 266 millions of miles ; the length of its year, 
which dq[>ends on its distance from the sun, is a little greater 
than that of Ceres. 

Juno is of a reddish colour, arid is less than either Ceres 
or Pallas, and b nearer to the sun than either of them ^ 
its mean distance from it being but 255 millions of 
miles, and its annual revolution is equal to 4 years 
and 128 days of our time. The inclination of its orbit is 
21 degrees, Schroeter has observed a very remarkable va- 
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riation in the brilKancy of this planet, which he thinks is 
owing to some changes that are going on in its atmosphere, 
though it may, he says, arise frdlh a diurnal rotation about 
its axis in 27 hours. 

Vesta appears to be as large as a star of the fifth or sixth 
magnitude, and has been frequently seen by the naked eye. 
Its light is more intense, pure and white, than any of the 
other three, and it is very ^milar in its appearance to the 
Georgium Sidus. It is nearer to the sun than the otlier 
three, and its year is about S years, 66 days, of our time. 
The inclination of its orbit is about 7^. 

Jupiter is the largest of the planetary bodies, and next to 
Venus the brightest. When viewed through a good tele- 
scope^ several belts or bands, darker ui colour than the 
general surface^ are observed across the disc parallel to his 
equator ; which, as they are constantly varying, are supposed 
to be a series of clouds in his atmosphere. Spots have been 
occasionally discovered <hi the disc of this planet, from 
which his rotation on hi» axis has been estimated at 9 hours^ 
55 minutes, 37 seconds, of our time. Jupiter is 89,170 
miles in diameter, whieh is eleven times longer than that of 
our earth; and as the apparent discs of planeCs increase 
according to the squares of their diameters^ our earth will 
appear to an inhabitant of Jupiter 121 times less than that 
noble fdanet fq>pears to us ; for the disc of Jupiter is to that 
of the earth as ll\ * : T|* or 121 : 1. The bulks or mag- 
nitudes of the two bodies are to one another as the cubes of 
their diameters, that is, as Fi^' : T]' or as 1,SS1 : 1 : that 
i^ Juj^ter is more than 1500 times larger than the earth. 
He performs his annual journey about the sun in something 
less than 12 of our years, at the distance of 493 millions of 
miles. 

Jupiter, nke the Earth and Mars, is an oblate spheroid; 
but owing to the veloci^ of his diurnal motion, his equato- 
rial diameter is 6000 miles longer than his polar one. 
Jupiter, being five times farther distant from the sun than 
the earth, enjoys only a twenty-fiflh part as much light and 
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heat as we experience. He moves on his orbit most ma* 
jestically, with his axis perpendicubur to the plane of his 
orbit ; of coarse his inhabitants will experience no change 
of seasons, nor difierence in the length of their days and 
nights. These will be always nearly 5 hours each ; at the 
equator of Jupiter there will be perpetual summer, and at 
the poles an unceasing winter. The inchnation of the orbit 
of Jupiter to that of the earth, or which is the same thing, 
to the plane of the ecliptic, is equal to 1 J-^ nearly. 

The planet Saturn is more than 79,000 miles in diameter, 
and is distinguished, when observed by the naked eye, by 
its pale, and dead light, very unlike that of Jupiter and the 
other planets : from these he is also distinguished by a large 
hirainous ring, which surrounds his body, which, as we 
have seen^ was discovered by the celebrated Huygens; com- 
paring Saturn with the other jdanets, he is thus described 
by the unfortunate Chatterton^ 

But farther yet, the tardy Saturn lags. 
And seven attendant luminaries drags, 
InvestiDg with a double ring hit pace. 
He circles through immensity of space. 

His distance from the sun being so great, 90S millions of 
miles, the motion of the planet in his orbit is proportionally 
slow ; and his journey being so much longer likewise than 
that of the odier planets^ he takes almost 30 of our years to 
accomplish one of his : nevertheless, he travels at the rate 
of more than 20,000 miles an hour ; and yet the poet in 
speaking of this motion, calls it a •tardy, lagging tacftion* 
The hght and heat enjoyed by this planet from the sun, is 
only a ninetieth part of that which we enjoy, nevertheless 
the light is computed to be equal to that which 500 of our 
frill moons would afford to us, and therefore it is only by 
comparison that our accomplished poetess, Mrs. Barbauld^ 
speaks of his situation, as 



the dim verge, the suburbs of the system^ 

Where cheerless Saturn, 'midst his wat'ry moons^ 
Girt widi a lucid zone, majestic sits. 
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When Saturn is examined with a good telescope^ he ap- 
pears to be ef a spheroidal form, which arises from his rapid 
rotation on his axis, which is found to be performed in little 
more than 10 hours. 

The sur&ce of Saturn is diversified with dark spots and 
beltSy which are rery changeable, but they are generally 
parallel with the ring. This ring, seen through a good 
telescope, is'cMie of tlie most beautiful objects in nature; and 
it is found to consist of two concentric rings, detached from 
each other, and from the body of the planet, the innermost 
of which is nearly thrice as broad as the outermost. The 
dimensions of this magnificent zone, aa determined by Dr» 
Herschel, are as follow : 

Miles. 
Inside diameter of the interior ring 146,345 

Outside 184*,393 

Inside exterior ring 190,24& 

Outside , 204,883 

Breadth of the interior ring 20,000 

Breadth ..... exterior 7,20a 

Breadth of the dark space between 

the two rings 2,839 

The inclination of the orbit of Saturn to that of the eartli 
b about 2i^. 

The Georgium Sidus, called also the Herschel planet, 
and the Uranus, is, as* far as has yet been discovered, the 
outermost body of the system. It is situated at about 
1813 millions of miles from the sun, and performs his 
journey in a litde more than 83 of our years. Its diameter 
is 35,1 12 miles in length, being about 4^ times longer than 
that of the earth ; of course the disc of our planet being 20 
times less to the inhabitants of the Georgium Sidus, than 
he is to us, it must be wholly invisible to them without the 
aid of very powerful glasses. When seen with the naked 
eye, which it may sometimes, it appears as a fixed star of 
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tiie sixth magnitude, with a bluish white light, and of a 
brilliancy between that of Venus and the Moon. 

Some of the planets, as the Earth, Jupiter, Saturn, and 
the Georginm Sidus have moons or satellites, which revolve 
abi>ut them, as they revolve about the Sun. Thus the earth 
has one, which we denominate our moon; Jupiter has four; 
Saturn seven, and the Oeorgium Sidus six. With respect 
to these satellites, or as they are sometimes called, secondary 
planets, there is this remarkable circumstance attending the 
ino<m, the four satellites of Jupiter, and one of Saturn, that 
they are found to turn about their axis in the same time as 
they respectively revolve about their primaries. And al- 
though it has not yet been ascertained from observation, 
whether the same be true of the other satellites of Saturn, 
and those of the Georgian planet; yet astronomers conclude, 
firom the uniformity which pervades the system, that the 
same is true of all the secondaries. 

Next to the sun, tne moon is the most conspicuous of the 
heavenly bodies, and that with which the inhabitants of the 
terraqueous globe are most interested. The changes which 
it undergoes, are more striking and more frequent than 
those of the sun, and its apparent motions much more rapid : 
hence they were attended to, even before those of the sun 
were known, or even regarded ; a fiict which explains the 
reason, why the first inhabitants of the earth reckoned their 
time by the moon's motions, and of course followed the 
lunar, rather than the solar year. 

The moon has a motion in her orbit, from west to east, 
which is ascertained from observation ; for if we attend to 
her any evening at a particular hour, when she is situated 
in the vidni^ of a fixed star, we shall find on the next even- 
ing at the same time, that she is about 15° east of that star; 
and her distance continually increases, till at length, afler a 
certain number of days, she returns again to the same star, 
having performed a complete revolution in the heavens. 

It is ascertained that the moon makes a complete revolution 
in the heatens in 27 days^ 7 hours, 43 minutes, 5 seconds^ 
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which compass of timers called a periodical month; but her 
period from one conjunction to another, that is, from new 
moon to new moon, or from fiill moon to full moon, takes 
up 29 days, 12 hours, 44 minutes, S seconds, which space 
is called a synodical month or a lunation. For while the 
moon, in its proper orbit, finishes her course, the earth, 
together with the moon, and its orbit, are advancing in their 
journey round the sun, and have proceeded almost a whole 
sign in the ecliptic towards the east; so that the point of 
the moon's orbit, which in the former position was placed 
in a right line joining the centres of the earth and sun, is 
more westerly than the sun ; therefore^ when the moon has 
again arrived at that point, it will not yet be seen in con- 
junction with the sun. 

The orbit of the moon is not in the same plane with the 
orbit of the earth, that is, it is not in the ecliptic ; but, like 
the orbits of the planets, is inclined to the ecliptic in an 
angle of about 5^^. These two planes therefore cut each 
other in two points, which points are called the nodes ; and 
it is only when the moon is in one of these nodes, that the 
moon is seen in the ediptic ' At other times she is either 
to the north or to the south of tlie ecliptic The right line, 
which passes through the centre of the earth, and joins the 
two nodes, is called the line of the nodes. The nodes are 
not constantly in the same place, that is, the moon's orbit 
does not constantly intersect the ecliptic in the same points 
of that circle ; so that the line of the nodes continually 
moves along the ecliptic from the east towards the west, 
contrary to the order of the signs of the ecliptic; therefore^ 
if the moon be observed to cross the ecliptic at any parti- 
cular place, at the next lunation she will be found to cross 
the ecliptic at another place, which is a little westward of 
the former. By this continual shifting from the east to- 
wards the west, the line of the nodes performs the whole 
revolution in the compass of about 18 years, 228 days, and 
5 hours ; after which time, the nodes return to the same 
points of the ecliptic as at the beginning of that period. 
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The farther the moon is from the nodes', the &rther dis- 
tant she is from the ecliptic ; the points of her orbit, which 
are fiirthest fit>m the ecliptic, and which are called the limiiSf 
must evidently be equidistant frx>m the nodes. The distance 
c^ the moon from the plane of the ecliptic, which never ex- 
ceeds 5^ 18' 6'^ is called the moon's latitude; for, univer- 
sally, the latitude of a celestial object is its angular distance 
from the ediptic, and is measured by an arc of a great circle 
drawn through the moon, and perpendicular to the ecliptic. 
The moon's motion in her orbit, the inclination of that 
orbit to the ecliptic, and the retrogradation of the nodes, 
point out the causes of eclipses of the moon and sun, and 
the reasons why they are sometimes partial and sometimes 
total ; — why they do not take place at every new and fiill 
moon; and, finally, why they return very nearly in the same 
order aftei: about every 19 years. Into these various sub- 
jects, the limits of our work do not permit us to enter much 
at large; nor can we attempt to explain the irregularities of 
the moon's motions, which are very considerable, and which 
for a long time baffled the skill of the ablest astronomers. 
The only equable motion belonging to the moon, is its 
revolution on its axis ; which, as we have observed, is per- 
formed exacdy in the same time in which she performs her 
average revolution in her orbit round the earth ; hence she 
always presents the same half of her surfiice to us, while the 
other half is never seen by the inhabitants of the earth ; 
hence it also follows, that in the compass of one year, though 
we have S65i days, the inhabitants of the moon have only 
between 12 and IS days, each of their days being equal to 
about 29i of our days. The inclination of tiie moon's axis 
to the plane of the ecliptic, is in an angle of 88'' 17' nearly. 

The mean distance of the moon fix>m the earth, is 240,000 
miles, and its diameter is equal to about 2200 miles in length ; 
so that the bulk of die earths being to tiiat of the moon as the 
cubes of their diameters, the former will be about 49 times 
larger than the latter. 

The different phases of the moon, that is, those periodi- 
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cal changes to vfhictx its light and apparent figure are sub- 
ject, and the eclipses of that body and of the sun occasicmed 
by it, constitute, and ever have constituted, some of the most 
striking phenomena of the heavens ; we shall therefore give 
a very brief elucidation of them, such as we trust will satisfy 
general readers ; the scientific we shall direct to difiEerent 
sources of information. 

When the moon is due south about midnight, her disc is 
an entire circle, that is, it is full moon* On the next night 
she comes later to the meridian by about 48 minutes ; this, 
though varied at different seasons, is the average, and the 
western part of her disc is no longer bounded by a circular, 
but by an elliptic line, and this line every following night is 
seen to encroach more and more on the luminous pai*t, till, 
on the seventh night, it is nearly a straight line, and the 
disc a semicircle; the moon is then said to be in her quadra- 
ture. The diminution continues, and the disc becomes more 
and more concave to the west, till about the end of another 
seven days, when it disappears altogether. After three or 
four days the mooa again appears like a fine crescent to 
the eastward of the sun, with its concavity turned towards 
the east ; when it goes on increasing on that side, till it be- 
comes again a perfectly circular disc, which is about 29^ days 
from the time wh^ijshe wore that appearance before. 

The moon, during the changes which we have just de- 
scribed, appears to advance among the fixed stars at the 
rate of 13^ 10^% on the average, in 24 hours ; and, for the 
reason already assigned, comes later to the meridian by 
about 48 minutes every day. The phases may be all ex- 
plained on the supposition that the moon is an opaque 
spherical body, which moves in a circular or elliptic orbit 
round the earth, while it receives its light from the sun. 

The moon, whenyuO^ is opposite to the sun, that is, the 
earth is situated between the sun and moon ; when she dis* 
i^pears, that is, just before the new moon makes her appear- 
ance, she is in conjunction with the sun, in other wordfi^ 
she is situated between the sun and the earth; of course' her 
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illuminated side is towards the sun, and her dark side to th6 
earth. 

The Tariations of the phases of the moon are thus ex- 
plained : Let S represent the sun, fig. 2, T the earth, QL 
a portion of the earth's orbit, which it describes in its annual 
course round the sun ; A, B, C, &c represent the orbit of 
the moon, in which she turns round the earth, in the space oi 
29i days firom the west to the east Join the centres of the 
Sim and moon with the right line SL, and through the cen- 
tre of the moon, suppose a plane x«, perpendicular to SL, 
to pass, the secticm of that plane with the suriace of the 
moon, will produce the circle which bounds light and dark- 
ness on her surfiice, and separates the enlightened face from 
the dark side. In this ci^ the whole enlightened side of 
the moon is turned from the earth T, and she is not visible^ 
When the moon is in the position F, let Ae centres of the 
sun and moon be joined by the right line Sr, which is per- 
pendicular to a plane mn passing through the centre of the 
moon, that plane will make on the sur&ce of the moon the 
circle which disdnguisbes the visible hemisphere, or that 
which is towards tts at T, from the invisible which is turned 
from us ; now it is manifest that only th^ small part of the 
enlightened side of the moon mo, is turned to the earth, and 
it will appear homed, as aty. When the moon has ad- 
vanced to G, a larger part of her illuminated surface will 
be seen from the earth, and she will appear as at^. At A 
in the point of the orbit opposite to the sun, the circle 
bounding light and darkness, and the circle of vision will 
coincide, and then all the illuminated face of the moon will 
be turned towards the earth, and will be visible to its in- 
habitants, as it appears at a. Then the moon is said to be 
fiill: she shines the whole night ; and is said to be in oppo- 
sition : for the sun and moon, with respect to the earth, are 
seen iu opposite parts of the heavens, the one rising wben 
the other sets. When the moon comes to B, the whole 
illuminated disc wyz^ is not turned towards the earth, and 
the visible illumination will be deficient from a circle, and 
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the moon will have a gibbous form, such as is marked 
in 6. 

The opacity of the moon is provedt not only from her 
phases, but from the occultation of stars by the dark, or 
invisible part of her orb. 

OfEdipses. — When any one of the heavenly bodies is 
obscured, or darkened by the shadow of another falling 
upon it, or by the interposition of any body, it is said to be 
eclipsed. 

The eclipses of the sun and moon are the most striking 
of any. They were formerly considered as ominous, and 
have often excited the dread and apprehension of the vul- 
gar ; but the improvement of science has shown, that they 
depend upon regular and invariable causes, and may be 
calculated and foretold with the greatest certainty. 

As the earth if an opaque body, enlightened only by the 
sun, it must cast a shadow towards that side which is fiuthest 
from the sun. If the sun and earth were of the same size, 
this shadow would be cylindrical, and would extend to an 
infinite distance ; but as the^ sun is much larger than the 
earth, the shadow of the latter must be conical, and end in 
a point (see Fig. S. Plate V«) On the sides of this conical 
shadow there is a diverging shadow^ the density of which 
decreases, in proportion as it recedes from the sides of the 
former conical shadow : thb is called the penumbra. As 
the moon revolves round the earth, sufficiently near to pass 
through the shadow of the earth, an ed^se must always 
take place when the earth, the sun, and the moon, are all in 
one straight line. An eclipse of the moon can never h^ipen 
but at the time of full moon; but on account of the inclin- 
ation of the moon's orbit to that of tlie earth, an eclipse does 
not take place every full moon. When the moon passes 
entirely through the earth's shadow, the eclipse is total, but 
when only a part of it passes through the shadow, the eclipse 
is parUal. The quantity of the moon's disc which is eclipsed 
(and the same thing is to be understood of that of the sun, 
in a solar eclipse) is expressed by the number of digits: that 
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isy the disc is supposed to be divided by 1 2 equidistant paral- 
lel lines; then if half the disc is eclipsed, the quantity of the 
eclipse is said to be six digits. When the diameter of the 
shadow through which the moon must pass, is greater than 
the diameter of the moon, the quantity of the eclipse is said 
to be more than 1 2 digits ; thus, if the diameter of the moon 
is to that of the shadow as four to five, then the eclipse is 
said to be of 15 digits. 

The eclipses of the sun are owing to a difierent cause 
from those of the moon. They are occasioned by the moon's 
coming directly between us and the sun, and therefore ob- 
structing our view of it. When the moon happens to be in 
conjunction with the sun, or between the sun and the earth, 
viz« at the tune of the new moon, the shadow of the moon 
falls upon the surface of the earth ; hence, properly speak- 
ings such eclipses should be called eclipses of the earth. But 
the whole disc of the earth cannot be inrolved in the shar- 
dow of the moon, because the moon is much smaller than 
the earth, and besides the shadow of the moon is conical. 
Thus, in Fig. 4, Plate V. the rays of the sun being inter- 
cepted by the moon L, the cx>nical shadow CD 6, is formed; 
which, felling upon the sur&ce of the earth, entirely de- 
prives die portion of it upon which it falb, of the sun's light, 
and, of course, the inhabitants of that part of the eaith will 
have a total eclipse of the sun. Beyond the dense conical 
shadow CDG, there is a diverging half shadow, or penum- 
bra, CDEF, which is occasioned by the moon's intercept- 
ing only a part of the sun's rays from those places which &11 
within this penumbral cone, and are out of the dense sha- 
dow. Thus, from the part of the earth Z, the portion Y Y B 
of the sun only can be seen ; consequently the inhabitants 
of that part will have a partial eclipse. 

As the moon is not always at the same distance fi'om 
the earth, it sometimes happens that the conical dense 
shadow does not reach the earth, as in Fig. 5, and only the 
penumbral shadow &Ils upon it ; the eclipse, consequently, 
is partial to every part oS the earth. Those who are at the 
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centre of the penumbra will lose sight of the centre of the 
svaif by the interposition of the moon's body, which, sub- 
tending a smaller angle than the sun, wiU not entirely cover 
its sur&ce: so that there will be a ring of light. The eclipse 
is then said to be annular. 

Seven is the greatest number of eclipses that can happen 
in a year, and two the least. If there are seven, five must 
be of the sun and two of the moon. If there are only 
twO) they must be both of the sun : for in every year there 
are at least two eclipses of the sun. There can never be 
more than three eclipses of the moon in a year, and in some 
years there are none. 

Tliough the number of solar eclipses is greater than of 
the lunar, in the ratio of 5 to 2, yet more lunar than solar 
ecl^)ses are visible in any particular place, because a lunar 
eclipse is visible to an entire hemisphere, and a solar one 
only to a small part of it. 

It is the lot of few persons to witness central eclipses, so 
that they may be considered as rare phenomena ; neverthe- 
less there are fi8 such eclipses in each cycle of eighteen 
years» but the space over which every one of them appears 
to be central, is but a very- confined tract. A beautiful phe- 
nomenon of this kind occurred to the inabitants of London, 
in April 1715, which is described by Dr. Halley. The 
darkness for a short time was so entire^ that the stars.became 
visible. Though the disc of the sun was wholly covered by 
the moon, a luminous ring of a fiunt pearly light sur- 
round^ the body of the moon, the breadth of which was 
about tlie tenth of the moon's diameter. In no part of this 
country did the obscuration last more than S minutes 57 
second^. 

The satellites, or moons, of Jupiter, Saturn, and the 
Oeorgium Sidus, are often eclipsed by the planets to which 
they belong. The eclipses of Jupiter's moons are of much 
importance in astronomy and navigation ; and observed with 
great attention, as being extremely useftd in ascertaining the 
longitude. 
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^ Wlien any <lf the planetary bodies disappear by another, 
or by the moon's coming before it, the event is called an 
occultation. The occuHations of the fixed stars by the 
moon, are likewise of preat use in determining the longi- 
tudes of places. 

Of the Tides. The ebbing and flowing of the sea were 
first shewn by Kepler, to be owing to the moon^s attraction : 
and Newton demonstrated tliis to be a necessary result of 
the principle of gravitation. The attraction of the moon 
canttot alter the shape of tlie solid parts of the globe, but it 
has a considerable effect upon the fluid part, which it causes 
to assume a spheroidal figure, the longest axis being in tlie 
direction of the moon. It Ls, therefore, high water at that 
place peipendicularly under the moon, or where the moon 
crosses the meridian, and also at the place on the earth 
which \» diametrically opposite to this point. 

The sun also has some action on the waters, thougli its 
attraction, on account of the distance, is not so strong as 
that of the moon. When the action of the sun and mooM 
ccmspire together, the tide rises higher, and produces what 
are called spring tides. On the contrary, when they coun«- 
Ceract each other, they produce neap tides. 

Of the various treatises on Astronomy, which may be men- 
tioned as among the most popular, are the second volume of 
the <^ Scientific Dialc^es," and Bonnycasde's Introduc- 
tioa to Astronomy: of a higher order may be named the 
tceatises by Mr. Feiguson, and Dr. Olinthus Gregory. 
^* The Astronomical Lectures'' of Dr. John Keill, and the 
^' Elements of Physical and Geometrical Astronomy," by 
David Gr^ory, M.D., though not modem works, and of 
course deficient in irespect to the discoveries of the last forty 
years, are nevertheless very good as fiir as they go, and may 
frequently be purchased for a trifle. Dr. Vince's Complete 
System of Astrcmomy, in three volumes, 4to., is the most 
extensive and useful body of science which has yet bean 
pubUdied in this country :.on the continent, Lalande's Sys- 
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tem of Astronomy is deservedly in the highest estimation, 
and still more so the latter. 

The great work of Delambre, so regarded by the philo- 
sophers and mathematicians of all countries, and which 
has been the foundation of the whole of the scientific part 
of modern astronomy, is that entitled " Philosophise Na- 
turalis Principia Mathematica, auctore Isaaco Newtono/' 
This, however, can be read only by mathematicians of 
some proficiency. As introductory to it, we have ** A 
View of Sir Isaac Newton's Philosophy, by Henry Pem- 
berton,** 4to., and which is a very useful popular werk. 
Of the same kind is, ** An Account of Sir Isaac Newton's 
Philosophical Discoveries, by Colin Madaurin." Also^ 
*^ A Demonstration of some of the principal Sections of 
Sir Isaac Newton's Principles of Natural Philosophy; in 
which his peculiar method of treating that useful subject is 
explained, and applied to some of the chief phenomena of 
the system of the world, by John Clark, D. D/' To these 
may be added an unfinished work by Mr. Thorp, who, in 
1777, published the first book of the Principia^ with a very 
good commentary. The most elaborate commentary on 
Sir Isaac Newton's Principia, is generally known in this 
country by the tide of the Jesuit's edition of the Principia : 
it is in the Latin language, and entiUed, *^ Philosophise 
Naturalis Principia Mathematica, auctore Isaaco Newtono : 
perpetuia Commentariis illustrata communi Studio, P. P. 
Thomae Le Seur et Frandsci Jacquier, &c. &c." This 
work is very rare in England ; it is sometimes bound in 
three vols. 4to^ but the copy in our possession is in four 
thin vols. 

The late excellent mathematKian, Dr. John Jebb, pub- 
lished " Excerpta" from the Principia, in one vol. 4to., 
chiefly mtended for the students of the University at Cam- 
bridge. This also is scarce, but we believe not much read 
beyond die Universi^ for which it was drawn up. 

The b«st edition of Sir Isaac Newton's works, is that by 
16 
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the late Bishop of Rochester, in five very large 4to. volumes^ 
entitled ^^ Isaaci Newtoni Opera quae extant omnia, Com- 
'mentariis illustrabat, &c. Londlni, 1779." A very excel* 
lent treatise on asti*onomy is contained in the first volume 
of " Elements of Mechanical Philosophy, by the late Pro- 
fessor Robinson of Edinburgh. U Exposition du Systeme 
du Monde, par P. S. Laplace,", in 2 vols. 8vo., is a very 
valuable work on astronomy in its present form: and to 
those who can attempt the higher branches of this science, 
we would recommend the study of ^* Mecanique Celeste," 
by the same author; a profound work, which exhibits the 
utmost refinements in the application of mathematics to 
astronomy. 

In Dr. Vince's work already referred to, is an Interesting 
history of the rise and progress of the science of Astro- 
nomy. The following works are more avowedly historical 
performances, and may be recommended to readers ; who 
should, however, be reminded, that neither of them contains 
the important discoveries of modem, times. They may fre- 
quently be purchased for a trifie, and will be an acquisition 
to the lovers of science. 

" Astronomy, in five books, by Roger Long, D.D-" 
2 vols. 4to. It rarely sells higher than from about ten to 
twelve shillings. It is often bound in three volumes. 

*^ The History of Astronomy, with its application to 
Geography, History, and Chronology, &c. by George Cos- 
tard," 4to. 1767. In this is included an introduction to 
the use of the globes, but not systematically arranged. This 
work, like the last, may fi*equently be purchased at a very 
easy rate, and is deserving a place in the student's library. 

In Practical Astronomy, we may mention as exceedingly 
useful to the young observer : 

" An Introduction to Practical Astronomy ;, or the Use 
of the Quadrant and Equatorial, by George Adams." 

" A Treatise on Practical Astronomy,, by Dr. Vince." 
This is a thin quarto ; it contains a description of the seve- 
ral instruments in Practical Astronomy, and rules for com- 
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pating and deducing the conclusions for which the obKr- 
vations are made. 

For those young persons who would be conrersant with 
the constellations^ and principal fixed stars, and who have 
not access to a good celestial globe, we may recoramoid a 
little work, entitled, 

** Astrarium, or Principal Views of the Fixed Stars and 
Constellations, represented in twelve plates, one for each 
month in the year/' 

Having gone through the several departments of Natural 
Philosophy, and mentioned a few of the authors in which 
each branch of the science may be studied withadvantage^ 
by persons of diflferent capacities and attainments in know- 
ledge^ it now remains to say a few words upon the subject 
more generally. 

To books of science should, if possible, be added a course 
of experiments ; it is an unfortunate circumstance, that the , 
apparatus for demonstrating the focts in natural and experi- 
mental philosophy is necessarily very expensive; attempts 
have been made to invent a collection of instruments that 
should come within the reach of persons in moderate cir- 
cumstances, but without success. In schools, not exclusively 
devoted to classical literature, it is usual during each year, 
for the preceptor to go through a course of experimental 
philosophy, which cannot be without its use: it excites the 
curiosity of young people, and may induce them hereafter 
to pursue science for its own sake, and furnish them with 
materials for thinking, and for spending their time in a 
rational and useful manner. 

It has been doubted, whether experimental philosophy 
should be taught in schools. If the genius of all children 
took the same direction, there would be no need of variety 
in their education ; but as this is not the case, and as their 
talents are as various as their dispositions, there seems no 
reason why different objects of pursuit should not be pre- 
sented to them, thus leaving tbem, in some measure, to 
strike out for themselves their favourite studies. It has 
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' been asserted, that the facts in natural philosophy could not 
be taught so readily as definitions in granunar ; this has, 
however, been shown to be erroneous : a work, entitled •* A 
Familiar Introduction to the Arts and Sciences,*' has been 
drawn up expressly with that view, divided into seclionsy 
containing about ten or twdve facts to be committed to 
memory ; to which are added, where the subject requires 
it, illustrations, with references to plates, and questions 
adapted to the use of masters. These questions are placed 
in the exact order of the facts, but in examination they may 
be varied at the pleasure of the teacher. By the same au- 
thor there are two other works adapted to young people, 
still fiurther advanced in the path of knowledge. These are^ 
^* Scientific Dialogues,'* in six small volumes, which, in the 
course of fourteen or fifteen years, have been very fre- 
quently reprinted, and have obtained a decided share of the 
public approbation : and " Letters on Natural Philosophy,** 
in one vol. 12mo. 

The same object is embraced by a work in one volume 
duodecimo, entitled " Conversations on Natural Philoso- 
phy,** which, though short, is remarkably clear, and ex- 
ceedingly well adapted to beginners, and at the same time 
sufficiently scientific to inspire a deep interest in the sub- 
jects of which it treats. 

Of the same kind as the latter, but not embracing so 
many subjects, are *< Lectures on Natural and Experimental 
Philosophy;*' in 2 vols. 12mo. by Dr. George Gregory. 

" Elements of Science and Art, by Thomas Webster,'* 
in two volumes, 8vo., is an excellent introduction to the 
several sciences on which they treat, including chemistry, 
and the application of mechanics, chemistry, &c. to a 
variety of elegant and useful arts. 

In the second edition of « Enfield's Institutes of Natural 
Philosophy," introductions to chemistry, electricity, and 
magnetism, are added to the other departments of experi- 
mental philosophy, and the whole brought down to the time 
of the publication, m 1799 : there is an advantage attaching 
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to this, and to Martin's ^^ Pbilosophia Britannica," which 
does not belong to those before-mentioned, viz. the appli- 
cation of the elementary principles of mathematics to many 
of the cases that admit of it The same may be said of 
Mr. Cavallo's " Elements of Natural and Experimental 
Philosophy," in 4? vols. 8vo. which is a book o£ real merit, 
but the style is not always simple and clear. Nicholson's 
« Introduction to Natural Philosophy/* in 2 vols. 8vo. may 
be recommended : as may Adams's Lectures^ in 5 vols. 
The later editions by Jones, are much superior to the 
original one by Mr. Adams. 

♦* An Elementary Treatise on Natural Philosophy, by 
M. R. J. Hauy," translated into the English by Dr. Olin- 
thus Gr^ory, is not so well known as its merits deserve. 
It treats principally on the forces of bodies, Hydrostatics, 
Pneumatics, Electricity, Magnetism, and Optics. "Elements 
of Natural Philosophy," by Musschenbroek, translated by 
Colson, is a good treatise on the mechanical powers. 

" Mathematical Elements of Natural Philosophy, &c. by 
James s'Gravesande, LL.D." translated fix>m the Latin» by 
Dr. Desaguliers : and 

" A Course of Experimental Philosophy, by Dr. Desa- 
guliers," are very elaborate and excellent works, and were 
extremely popular during the greater part of the last cen- 
tury ; they are still deserving a place in the libraries of the 
learned. 

" A Course of Lectures on Natural Philosophy, and the 
Mechanical Arts, by Thomas Young, M*D." 2 vols. 4to. 
These lectures were originally delivered in die theatre of 
the Royal Institution, in which the author, instead of com- 
piling from the elementary works tiien existing, resorted to 
the original authors, and endeavoured to digest into one 
system every thing relating to the principles of the mecha- 
nical sciences, that could tend to the improvement of those 
arts, which are subservient to. the conveniences of life. 
Upon this plan the first volume is drawn up, and it in- 
cludes all the branches of natural and experimental philo- 
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sophy, with a very brief outlbe of natural history. The 
Tolume is divided into sixty lectures ; twenty on Mechanics 
and the Mechanical Arts : twenty on Hydrodynamics, and 
the same number on Physics. The plates, which are nume- 
rous, are referred to in the body of the work, but expUuned 
at the end of the volume : in many cases the explanations 
are much too brief for learners. Dr. Young's second volume 
contains : 1 • The Mathematical Elements of Natural Philo- 
sophy. 2. A Systematic Catalogue of Works relating to 
Natural Philosophy and the Mechanical Arts, with refe* 
rences to particular passages, abstracts, and remarks. S. 
Miscellaneous papers on subjects connected with the topics 
discussed in the volumes. Dr. Young's work is very vaki- 
able as a book of reference, but it will be found to be better 
adapted to the library of a philosopher and man of general 
reading, th|in to the uninitiated student. 

In addition to the foregoing works, we may notice another 
class of authors, viz. those who give a syllabus, or outline, 
to be filled up by a person's own reading and researches : 
such is <^ A Plan of a Course of Lectures on the Princi- 
ples of Natural Philosophy, by the Rev. Dr. Vince." This 
work was intended for the students of Cambridge^ and was 
well adapted to recal to the mind all the facts and demon- 
strations detailed and exhibited in the public lectures. 

On a larger and more useful scale, is a work very lately 
published by Mr. Playfair, entitled, ^^ Outlines of Natural 
Philosophy, being heads of lectures delivered in the Univer- 
sity of Edinburgh." In these the author has given refe- 
rences to those works in which his subjects are treated of at 
large. 
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CHEMISTRY. 

Importance of Chemistry to the Arts and Manufactures — Divisions of 
Chemistry. Simple Substances. Light — Caloric — Oxygen •^ Sul- 
phur — Phosphorus — Carbon — Hydrogen — Metals — Earths—* 
Alkalies — Acids. 



1 HE object of Chemistry is to ascertain the ingredients of 
which bodies are composed, to examine properties of the 
compounds formed by the combination of these ingredients, 
and to investigate the nature of the power which occasions 
these combinations. As an art. Chemistry is connected 
with the most important branches of manufactures, and in 
proportion to the progress made in chemistry, a higher 
degree of perfection may be looked for, in the several pro- 
cesses which are subservient to die conveniences and ele* 
gancies of life. The glass and porcelain manufacturers, 
the workers in metals, the dyer and bleacher, the tanner 
and soap-boiler, with maiiy others, depend on chemistry 
for improvement in their several arts. As a science, it is 
connected with almost all the phenomena of nature ; with 
the causes of rain, show, and earthquakes : — with the pro- 
duction, growth, and maturity of the vegetable world : — 
and with die functions of animals ; exhibidng the manner 
by which the food, taken into the stomach, is rendered sub- 
servient to the nourishment of the body, the growth of 
parts, and the support of life. 

Tlie science, as such, naturally divides itself into three 
parts. 1. A descripdon of the elementary component parts 
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of bodies, which are denominated simple substances. 2. A 
description of bodies compounded of tliese simple sub- 
stances; and, 5. An account of the nature of ^nti(y, or that 
power which occasions these combinations. 

Of simpk substances^ which in a chemical sense, signify 
those bodies that hare not hitherto been decompounded. 
Many substances, which were thought to be simple by the 
ancients, are now ascertained to be compounds ; such is the 
atmospheric air, and such is water. And many that were 
supposed to be simple, ten or fifteen years ago» have been 
decomposed by Sir Humphrey Davy, and ihe component 
parts clearly exhibited to the senses ; such are the alkalies 
and earths. Till very lately, simple bodies have been 
arranged in the following manner : 

.. I«poode«We J ^ric "^ IZ^ml^l S^S^ 
"" ' ^OxygeD. .u«eet.w ^Hydrogen. 

'MaUedble, as Gold, Lead, Iron, &c. 4. The Earths. 

Sf'f„:SS°-«h.A„ti- 

"^^ '^ mony,&c. 

Brittle, and C p , ,, ^^„^ 5- The Alkalies. 

fused with3^^^"^*'5?r^ 
difficulty, as \ "^>*^- 

Although some of these substances, particularly the 
Alkalies, are known to be compound substances, yet we 
shall follow this arrangement, as adapted to give the reader 
an insight into modem chemistry, and because the subject 
is treated of in a similar manner in many of our best ele-; 
mentary treatises. 

Light* Of the mechanical properties of Light we have 
spoken in the article Optics / we have, therefore, here only 
to describe the chemical effects produced by light, on ve- 
getable, animal, and other substances. Vegetables are 
indebted to light for their colour ; since, if they grow in 
darkness, or their leaves are tied up, so as to exclude the 
light, they become white ; <m this depends the theory of 
blanching lettuces, kale, endive, &c. Light contributes 



3. Metallic sub- 
stances, which^ 
fire divided ^ 
into the 
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also to the taste and the odour of fruits and seeds. The 
action of the sun's rays on vegetables, causes them to give 
out abundance of pure air, but at night they emit a gas of a 
very different quality. 

Animals, in general, droop, become unhealthy, and die, 
when deprived for a considerable time of light. Grubs and 
other insects that live in the earth, are of a whitish colour. 
The parts of birds, and even fishes, exposed to the light, 
are coloured ; but those parts to which the light never, or 
but rarely approaches, are generally without colour. Many 
of the metallic oxydes become of a deeper colour when 
exposed any length of time to the rays of the sun : some of 
them are reduced, and the oxygen escapes, on their being 
exposed to the light of the sun. 

Light is capable of entering into, and remaining in bodies^ 
and of being afterwards extricated without alteration. Thus, 
calcined oyster-shells prepared with sulphur by heat, and 
kept for use, in a well* stopped phial, will, when exposed a 
few seconds to the light, become sufficiently luminous to 
enable a person in a dark room to distinguish the time on 
his watch. After a short period they cease to shine, but 
they recover this property on being again exposed to the 
light. Light, therefore, is not only acted upon by other 
bodies, but is capable of uniting with diem, and afterwards 
leaving them without change. Substances of the kind we 
have been describing, of which there are many, are deno- 
minated solar phosphori. 

Light combines with bodies, and constitutes one of their 
component parts. Different kinds of meat and fish, begin- 
ning to putrefy, become luminous in die dark, and of course 
give out the light which was combined with dieir substances. 

Exp. Put half an ounce of whiting, or herring, or mac- 
kerel in a phial, with two ounces of pure water, holding in 
solution half a dram of common salt, place the phial in a 
dark place, and in two or three days a ring of light will 
appear on the surface of the liquid, and by agitation the 
whole liquid becomes luminous, jind continues in that state 
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(br some time. A moderate heat increases the luminous 
quality, but a boiling heat extinguishes it altogether. This 
light produces no sensible effect on the thermometer; 
hence it is inferred that light constitutes a component part 
of these substances, and that it is the first of the constituent 
parts which makes its escape when the substance containing 
it is bc^ning to be decomposed. 

Almost ail bodies hasre the properly of absorbing light, 
though only a few of them emit it again. They do not, 
however, absorb all rays indiscriminately : some absorb one 
coloured ray, others another, while they reflect the rest ; 
which is the cause of the different colours of bodies. What 
we call a green body reflects the green rays, and absorbs 
the others : red bodies reflect the red rays, and absorb the 
others ; and so of the rest. Hence it is assumed, that the 
different colours of bodies depend upon the affinity of each 
for some particular rays, and its want of affinity for the 
others. 

The different sources from which light is emitted in a 
visible form, are: 1. The sun and fixed stars. 2. CamAus- 
tiariy which is the act of combination of the combustible with 
oxygen ; of course the light emitted must have existed pre- 
viously, combined with the combustible or the oxygen. 
3. Heaty when a body becomes luminous by being heated 
in the fire, it is said to be red hot ; and it is found, that all 
bodies which are capable of enduring the requisite . degree 
of heat^ without decomposition or volatilization, b^n to 
emit light at the same temperature. Thus iron is just 
visible in the dark, when heated to 6SS^ of Fahrenheit; it 
shines strongly in the dark, at 752^ ; it is luminous in the 
twilight^ just after sunset, when heated to 884^; and it 
shines even in broad day-light, if its temperature is about 
1000^ 4. The last source of light is percussion :ih}i^ 
when flint and steel are smartly struck against each other, 
light is produced, which is capable of inflaming tinder, 
gunpowder, &c. The spark is a small particle of the iron, 
which is driven off, and takes fire during its passage through 
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the air. This is an instance of combustion. But liglit is 
emitted when two quartz stones are smartly struck against 
each other, though the substances are clearly incombustible. 

Caloric. What we call heat, is a sensation produced by 
a substance denominated caloric ; which, though never found 
existing alone, penetrates all bodies ; -^ diminidies the 
attraction of their several parts; and uniformly expands 
their dimensions. By means of caloric, solid metals are 
fused — liquids rarefied ; and, in short, all substances in 
nature may be converted into elastic, compressible, and 
aeriform fluids. Hence it is asserted by Lavoisier, that all 
bodies, of whatever kind, may subsist in three forms, viz. 
the solid, the fluid, and the aeriform. Liquids are combina- 
tions of solids with a larger portion of caloric than they 
usually contain : such are fused metals, such is water. In 
the reduction of solids to a fluid state, caloric is absorbed ; 
on the contrary, liquids in becoming solid, give out caloric ; 
the melted metals in becoming solid, and water in the act 
of freezing, give out a portion of their caloric to the sur- 
rounding bodies. 

Caloric exists in all bodies in two states : in one it is 
called combinedj in the other sensible. The former is re- 
tmned in bodies by the force of affinity or attracti<Hi, 
and is in fact part of their substance; whereas sensible 
caloric diffuses itself in every direction, and may therefore 
be measured by the thermometer. 

Caloric in combination may be disengaged by various 
means ; as in the case of coal, wood, &c. which, when in- 
flamed, give out heat In mixing sulphuric acid with water, 
a lai^ quantity of heat is given out to surrounding bodies. 
Caloric, under different circumstances, enters into combin- 
ation ; thus, mixing ice with common salt or nitre, the 
sensation of cold is produced, because a quantity of the 
sensible heat in one or both substances is absorbed. 

Uncombined caloric has a tendency to an equilibrium ; 
thus, any number of different bodies, at various degrees of 
temperature, if placed under similar circumstances of expo- j 
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sure, acquires a common temperature. If there be placed 
in an atmosphere of 55^ iron fiUogs made red hot, boiling 
water, and other subatanoes of different degrees of tempen^ 
ture, they will all soon become of the same temperature, as 
miay be ascertained by a thermometer applied to them. 

All bodies are in a greater or less degree conductors of 
caloric. Metals and liquids are good conductors of heat, 
but silk, cotton, wool, wood, &c. are bad conductors of it. 
A short poker, or other piece of iron, put into the fire at 
one end, will very soon become hot at the other : this will 
not be the case with a piece of cane or wood of the same 
length, and under precisely the same circumstances. 

Sidid bodies transmit caloric in*all directions. If iron, 
or other metallic substances, branch out in bars from a 
centre, and that centre be heated, every bar will be equally 
heated. Some bodies conduct caloric more rapidly than 
others. Coat rods of iron and glass of equal length, with 
wax at one end of each only, and apply the same d^ree of 
heat to the other ends, the wax will become soft much 
sooner at the end of the iron, than on that of the glass, 
which shews that iron conducts heat more quickly than glass. 
Even diflerent metals possess very dififerent powers of con- 
ducting caloric, as may be ascertained by experim^it. 

Caloric expands all bodies. In liquids this fact is shewn 
by the expansion and contraction of the mercury or spirit 
in the thermometer, or by immersing in hot water a glass 
bulb with a long neck, and filled up to a ceitain point with 
any coloured fluid. The degree of expansion produced in 
different liquids varies considerably : water is more expan- 
sible than mercury, and alcohol than water. The expan- 
sion of aeriform bodies is shewn by bringing near the fire a 
small quantity of air, tied dosely'up in a bladder. The 
expansion of solids is exhibited by the pyn>meter. A bar 
of iron made to fit exactly, when cold, between two points, 
and of such a diameter as barely to allow it to pass through 
an inm ring, when heated, will become sensibly longer, 
and will be then found incapable of passing through the 
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ring, unless that ring is heated to an equal degree. The 
d^ee of expansion is not the same for all solids, and differs 
materially in substances of the same class ; thus copper is 
more expansible than iron, and iron than platinum* The 
construction of the thermometer is founded on the principle 
of the expansion of the contained fluid being greater than 
that of the glass which contains it. 

Oanfgen^ like caloric, has never been obtained alone, and 
independently of other substances with which it is combined. 
When it is combined with caloric, it is called oxygen-gas ; 
though in many elementary books, oxygen and oigrgen-gas 
are used as s3monymous terms. Oxygen is one of the most 
important agents in nature : there is scarcely a single pro- 
cess, either natural or artificial, in which oxygen has not a 
share. The great sources whence oxygen-gas is* derived, 
are water and air : in the former it is combined with about 
the third of its weight of hydrogen ; in the latter it is united 
with azotic gas, or, as it is called, nitrogen, and forms 
about one-fifth of the atmosphere^ the other four^-fifths being 
nitrogen. It is, however, obtained firom many other sub- 
stances, as from, or by means of vegetables, the mineral 
acids, and metallic oxydes. Oxygen is necessary to sup- 
port combustion, and during this process, it combines with 
the combustible body. Many of the substances, into the 
combination of which oxygen enters, are important agents 
in chemistry ; such are mineral acids, the actiri^ of which 
depends, no doubt, principally upon the oxygen which they 
contain. All metals combine with oxygen, and in that 
state they are called metallic oxydes. Phosphorus^ sulphur, 
and other substances, unite with oxygen, and form oxydes, 
and acids of greater or less strengtli, according to the pro- 
portion of oxygen they contain : thus, 

Phospborusy with a small portion of oiygen, forrosanoxyde of pliosphonis. 

" laigcr pboiphorut adcL 

the largest . phosphoric acid. 

In the same way Nitrous and Nitnc acids : Sulphurous 
^nd JSulplmric acids are formed. The combinatio nof 
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oxygen with other bodies, is called their oxydation or 
oxygenation. With respect to acids, the terminations ous 
and ic, always denote the lower and higher degrees of 
oxydation. As oxydes are formed of certain substances 
combined with oxygen, so many of the oxydes will yield 
abundance of oxgen-gas, as the oxydes of manganese^ lead, 
and mercury, by simply heating them. It is also obtained 
in the same way from nitre, which, in the language of 
modem chemistry, is called the nitrate of potash, being a 
compound of potash and nitric-acid. 

Sulphur^ a well known substance, is sometimes found in a 
state of purity, but more frequently mixed with other sub- 
stances, particularly with metals ; and in this state of com- 
bination the several substances are called pyrites: hence we 
have martial pyrites, and copper pyrites, according as the 
sulphur is in union with iron, or copper. Sulphur is in- 
soluble in water, but when mixed with the earths and alkalies, 
the combination becomes soluble in water. 

When combined with earths, alkalies, and metals, the 
new substances are called sulphurets; for example, the 
sulphurets of potash. The alkaline sulphurets were formerly 
denominated Ivoers of sulphur, from' their colour, which re- 
sembles that of sulphur. Metallic sulphurets are found in 
the bowels of the earth in great abundance. Sulphur bums 
in proportion to the quantity of oxygen which combines 
with it ; and according to the slowness or rapidity of the 
combustion, the products, if collected, will be found to be 
mkphvLXOus or sulphuric acid. 

Phosphorus is never found pure in nature, it is usually 
obtained from the phosphoric acid which exists in the bones 
of animals. It is a solid inflammable substance, that bums 
at a low temperature when exposed to the atmospheric air. 
At a temperature below 100** of Fahrenheit it undergoes a 
slow combustion, but bums with intense brilliancy at 160** ; 
daring which, it combines with the oxygen of the atmos- 
phere, and is concerted into phoqphor^Mfs or phosphonc acid, 
according to the quantity of oxygen absorbed : it combines 
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with some of the earths and metals^ fonning with tthem 
phosphurets. 

Carbon is the term applied to the base of the carbonic 
add, as oxygen is the base of oxygen-gas. In a state of 
purity it is known only in the diamond, which is said to be 
crystallized carbon; because, being dissipated with great heat 
in oxygen-gas, the result is carbooic-acid-gi|s, or a com- 
bination of pure carbon and qxygen. Charcoal is an oxyde 
of carbon, and its properties ar^ : that k is a powerful iinti- 
septic; has a great affinity for oxygen; is unalterable and 
indestructible \ff age; and if air and moisture be excluded, 
it is not ^ected by the most intense beat Its antiseptic 
qualities render it u.s^ful in cleansing glass and other do- 
mes^c u(ensils from offensive and long retained smells; in 
cleaning the teeth, and in depriving putrid water of its 
offensive taint. From its affini^ to <ixyg^ it will decom- 
pose the sulphuric and nitric acids» the latter with great 
rapidity. <^ I^" says Mr. P^kes, <^ the charcoal be'diy^ 
and finely, powdered, .^nd t^e acid very strong, and allowed 
to run down the inner side of ti^e yessel to mix with th^ 
d^arcoa)^ it wiU burn rapijlyj giving out a beautiful flam^ 
and thro^ifing up the powder so as to resemble a brilli3nt 
fire-work." I^s indestructibility is. dearjiy exhibited at 
Hercul^neum^ at die theatre of which» the beams were con- 
verted in>o charcoal by tjbe l^va M^hiph overflowed that city ; 
and during th^ lapse of 1700 years, the chax^coal remained 
as entire as if but newly formed. 

Carbon unites with alkalies and metals, brvf^ng with 
^em carburets ; thus, we have tjne carburet of iron, known 
in common language by iiie name of plnmbago, or black 
lead. Steel is a carburet of iron, bdng a compound pf 
iron, with a smaller portion of carbon. 

Carbon exists in large proportions m bitomens and pit- 
coal : it is in fiu^t then: chief ingredient Slates that are 
found in coals, contain fix>m 10 to 40 per cent of carbon. 
Carbon forms nearly the whole of the solid, basis of all ve* 
getables, and is a component part of sugar, waxi oils, gnms» 
and resins. 
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JSyimgeH caimot be obtained aloUe; but, utiited to ciddrie, 
it forms hydrogen-gas. Hjdrogen is one df the constituents 
of water. It is plentifully distributed in nature^ and acts an 
important part in the processes of animal and regetable 
economy: it is one of the ingredients in oils, fiit, ardent 
spirit, and ether. It forms a constituent principle of uiimal 
and vegetable acids, and of ammonia. It is the lightest 
of aD the gases, and on diat account It is generally used for 
filling air-balloons. It may be procured by putting some 
filings of mic into a ressd, which has a glass tube adapted 
to it; then pouring upon them sulphuric add diluted with 
rix or eight tittles its weight of water, an effervescence takes 
place, the water will be decomposed, the oxygen will com- 
bine with the metal, and the hydrogeit-gas will be disen- 
gaged, and may be ooBected in at glass receiTer adapted to 
diepuipose. 

Hydrogein-gas, like the atnlospheric air, h invisible tad 
dastic, and dapable of izidefinite compressi o n and dihtation. 
It k ineapftUe cf sttppottxAg comlmstton or animal life. It 
the mouth of a phial containfa^ faydrogen-gad, be brought 
near a eaendle, the gas will take fire, and bum gradutdfy 
till it is all consumed; but if atmospheric air be mi:ted hat 
At pfakT with the hy^firogen-gas-, it wilt explode ;^ aiid if pure 
exygenr be mixed with il^ they will explode^ by bdi^ 
brought in contact with Ae'flamte of a candle, widi a noise 
like thatof acsnnoil In' the last two experiments, ihe 
phial should be made of very strong glassy and shouic^ to 
prevent injury^ be wrapped round' with a handkerchief. 

Hydrogen-glis, in whatever way it is obtained, always 
originates from water ; either in consequence of a preceding 
compositibn, in which it had been combined with one of 
die' substances employed; or from a decomposition of water 
actually taking pliEu:e during the process; 

Fill with hydrogen-gas a bladder furnished with a stop 
cock, and adapt to it a common* tobacco-pipe; dip the bowl 
of the pipie intb a lather of soap, and, turning the cock, blow 
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up the lather into bubbles : these, instead of felling to tfie 
ground, like those made of -common soap-lather, will rise 
rapidly in the air. 

Nth-ogen, formerly denominated Jzote^ because it was 
destructive to human life, is lighter than atmoq)heric air, 
and incapable of supporting combustion. It enters into 
the composition of all animal substances, and is the base of 
nitric add and ammonia. It is favourable to the growth of 
plants, and is probably the substance added by nature in 
converting v^etables into animal substances. 

. Nitrogen-gas may be procured firouf iron filings mixed 
with sulphur, and moistened with water. This mixture is 
to be put into a large glass jar, and corked close ; in a few 
days the oxygen will be absorbed by the mixture from the 
air which was previously in the glass, and the residuum will 
be pure nitrogen-gas. This gas has the following pro- 
perties : 1. It is not absorbed by water. 2. It immediately 
extinguishes substances in the- act of combustion. S. It is 
fatal to animals confined in it. 4. When mixed with pure 
oxygen-gas, in the proportion of four parts of the former to 
one of the latter, it produces a mixture resembling atmo- 
spheric air. 

. Metals are a class of simple bodies possessing veiy pe- 
culiar properties. The ancients did not rank any substance 
among their metals which was not nudleable: the other 
bodies, that possessed similar characters except malleability, 
were called semi-metals, a term that is not now admitted I 
into science. Till within a very few years, metals were 
characterized by their great specific gravity, lustre, opacity, 
fu^ibili^, malleability, and ductility. Some metals are 
however neither malleable nor ductile; and the new metals 
discovered by Sir Humphry Davy, are even much lighter 
than water. Previously to his discoveries, metals were 
arranged in the following manner : 

I. The malleaUe metals: Gold — Platinum — Silver — 
Palladium — Rhodium — Iridium — Osmium — Mercury 
r£:rCopper — Iron — Lead — Tm — Nickel — Zinc 
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II. BriMei and easily JusiMe : Bismuth — Antimony — 

— Tellurium — Arsenic 

III. BriUky andjiised with difflctdty : Cobalt — Manga- 
nese — Chromium — Molybdenum — Uranium — Tung^ 
sten* 

IV. Befractcry: Titanium — Columbium, or Tantalum 

— Cerium. 

Besides the foregoing metals, there are a number of 
others, discovered by Sir H. Davy, to which we have just 
referred ; and which are the bases of some of the earths, 
and alkidies. Those from potash, soda, barytes, strontites, 
lime^ and magnesia, have been obtained by means of the 
Voltaic battery ; and diey are named Potassium, Sodium, 
Barium, Strontium, Calcium, and Magnesium ; of which 
we shall give a more detailed account fiuther on. The re- 
cent experiments of Dr. E. D. Clarke, of Cambridge, have 
pointed out a method of obtaining the bases of the earths, 
without the aid of electricity ; and he is said to have sue* 
ceeded in separating the metal of silex. From these expe- 
riments, there seems to be no doubt that the bases of all 
the earths are metallic : and should diis be proved, the 
number of metallic bodies to be added to the above, includ- 
ing the bases of two of the alkalies, will be eleven^ 

Some metals are found pure, as Gold and Silver ; and 

others are obtained from the bowels of the earth in a state 

of ore, combined with other metals, with sulphur, caygen, 

or some of the acids. The ores are purified, and the metals 

obtained by nsMishingy which frees them from all saline and 

alkaline matters ; hy roasting, which dissipates the sulphur ; 

by Jusion, the heat of which drives off the oxygen, which 

combines with the carbon used in the process, and the metal . 

remains pure^ The following properties of metals have 

been eniunerated : 1. One of the most conspicuous is their 

brilliancy, which has been called the metallic lustre ; by 

this property they reflect more light than any other bodies ; 

which circumstance is supposed to depend in part upon the 

closeness of their texture^ that renders them well adiq)ted 
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fi>r mirrois, of which^ in some ahiqpe or otbex^ thqr atmys 
form the basis. 

2. They are opake, or impervioiis to the light, even when 
reduced to extremely thin plates. But Sir Isaac Newton 
discovered that gold-leaf the ^^o5Qth of an inch thick, trans- 
mitted the green coloured rays of Ught This opacity makes 
part of their excellence as mirrors -» brilliancy alone would 
not quaUfy them for that purpose* 

8. They are fusible, in consequence of which property 
they may be cast into any shape whatever* Diflferent metals 
difier exceedingly from each other, in their degree of fiisi- 
bility. Merpury is always fluid in the common temperature 
of the atmosphere^ while several other metals require the 
heat of the most intense fiimaces to reduce them to the fluid 
state* 

4* Their spedfiq gravity^ with the exception of the newly 
discovered metals, is much greater than that of any other 
body at present known* Antimony, almost the lightest, is 
six times heavier than water ; gold is about nineteen times 
heavier; and platinum twenty- three times heavier than 
water* This is th^ heaviest of all the metals* 

5* They are the best conductors of diectricity and €»• 
loric. 

6* They are not naturally, very hard, but some of them 
may be hardened by art to such a degree, as to exceed the 
hardness of almost all bodies* Accordingly the cutting in- 
struments of the modems are made of steel ; those of the 
ancients were formed of a combination of copper and tin* 
The elasticity of metals depends upon their hardness, and 
may be increased by the same means by which their hard^ 
, ness is increased* 

7* Malleability is one of the most important properties 
of those metals to which it belongs — heat increases this 
properQr, Metals likewise become harder and denser, by 
rq>eated hammering* 

8, Ductility belongs in a very high degree to some metajs; 
by this term is meant the ciq>acity of being drawn out into 
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#ire, by bdfig forced through holes, whose diaineters are 
continually diminishkig in size according to the fineness of 
the wire required. Ductility depends chiefly on ihe tenacity 
of die metals; by ^hich is meant the power that a metallic 
wire has of resisting the action of a weight suspended from 
its extremity. An iron wire one-tenth of an inch in dia- 
meter, wiU support, without breaking, about 500lb. 

9. When exposed to the action of heat and air, most of 
the metals lose their lustre, and are converted into sub- 
stances more like earths than metals ; these were formerly 
denominated calces, but are now called oxydes. If any of 
these oxydes are mixed with charcoal powder, and exposed 
to a strong heat, in a proper vessel, they resume their 
metallic fbrm. 

10. All the metals are capabk of combining with oxygen, 
and ihe new compounds ate denominated metallic oxydes, 
and in some cases, metallic acids. They are also enable 
of combining with the simple combustibles ; hence the com- 
binations of a metal with sulphur, phosphorus, or carbon, 
are called sulphurets,. phosphorets, and carburets of that 
metal. 

11. They are capable of combining with each other, and 
of forming compounds that are extremely usefid in the mar 
nu&ctures : thus pewter is a compound of lead and tin ; 
brass is a compound of copper and zinc ; bell-metal of cop- 
per and tin. These metallic compounds are called alloys, 
except when one of the combining metals is mercury ; in 
that case the compound is denominated an amalgam. 

If the compass of our work admitted of it^ we should here 
give a description of each metal : — of the places in which 
they are all found : — of the modes by which they are ob- 
tiuned from the ores ; and of the uses to which they are 
applied in the arts and manufactures; but for these we 
must refer our readers to works in wTiich they are treated 
of at length. See particularly Jameson's System of Mi- 
neralogy, 3 vols. 8vo. second edition. 
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Of the Earths. The term earth in chemistry, is 
applied to a few bodies, which, till within these seven or 
eight years, were all regarded as simple substances ; and 
from the different combinations of which, all those sub- 
stances are formed, which are usually classed as eardis and 
stones. They consist of Limey Magnesia^ Batytes^ Stron- 
tites; which are called Alkaline earths, as agreeing with the 
alkalies in some of their properties : and Jlumina^ Glydna^ 
Zirconiay Silica^ Yttria; which are earths p-qper. They all 
agree in the following properties : 1. They are insoluble^ or 
nearly so, in water, especially when combined with car- 
bonic acid. 2. They give little or no taste or smell. S. They 
are fixed, incombustible, and incapable of being altered by 
the fire. 4. Their specific gravity is less than five times 
that of water. 5. When pure, they are capable of assum- 
ing the form of white powder. 6. They are not altered 
when heated with combustibles in our hotter fiimaces. The 
alkaline earths have a very near resemblance to fixed f»llcnlip^ 
and seem to form the connecting link between these and the 
proper earths. They are distinguished by the property of 
giving a green colour to vegetable blues, and of neutraliidng 
acids. Of the principal earths, we shall mention a few pai> 
ticulars. 

Lime is always found in combination, and generally with 
carbonic acid, in chalk and marble, as well as in lime-stone : 
it may be obtained very pure by means of great heat, which 
drives off the acid-gas and water, leaving the lime as a pro- 
duct. Lime owes its property of hardening in water, to its 
great attraction for that fluid and carbonic acid ; for being 
mixed with water, it crystallizes as it imbibes the carbonic 
acid, and if well made, becomes as hard as marble. The 
sand usually mixed with the lime, serves a purpose simi- 
lar to that which is answered by sticks put into salln^ or 
saccharine solutions, to assist in the crystallization. The 
use of lime, in agriculture, is thought to be derived firom 
its property of hastening the dissolution of all vegetable 
and animal matters, and of imparting to the soil a power 
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of retaining its moistare. It is used in tannings to remove 
the hair, and dissolve the gelatinous part of the skin ; in 
the manu&cture of sugar, to deprive the composition of the 
excess of its acid ; and in the manu&cture of soap, to ren- 
der the alkali a more powerAil caustic Lime, combined 
with sulphuric acid, forms gypsum, or plaster of Paris — 
with fluoric acid, it gives fluor, or Derbyshire spar. It is 
found united with phosphoric acid, in different minerals; 
and the bones of adult animals are formed chiefly of lime 
and phosphoric add, in the proportion of 80 parts of lime, 
and 20 of add. 

MagiHssia is a sofl: white earth, with scarcdy any taste or 
smell ; but when combined with sulphuric add, it forms a 
salt easily dissolved : this is called the sulphate of magnesia, 
or the Epsom salts of the shops. Magnesia is not found in a 
state of purity, but is generally procured from the sulphate, 
which exists in great abimdance in searwater, and in many 
mineral springs, as they are denominated. It is used in 
chemical processes, and in medicine ; is employed in enar 
melling, and in the manufacture of porcelain. 

Alumina^ formerly denominated argil, derives its^rs^ 
name, as being the basis of aliun ; its second, because it is 
the basis of the clays. It is found in a crystallized state in 
the sapphire : it makes a considerable part of the differently 
coloured ochres. Common clay is a mixture of alumina 
and silex ; so also is fuller^s earth : and owing to the ajBSnity 
which alumina has for greasy substances, it is extremdy 
useful in scouring cloth. Alumina and silex, are the chief 
materials in brick-making, and in the manufactory of all 
kinds of pottery. It is employed by the dyer and calico- 
printer as a mordant for fixiDg the colours. 

Silica is generally found in a stony state, and from its 
forming nearly the entire composition of flint, it has acquired 
the name of Silex or Silica : it exists in great abundance in 
agates, jasper, quartz, and rock-crystal. It is nearly infu- 
sible, per sCf but with soda or potash, it runs readily into 
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gksffy and is used ki die nmnfiiactur^ of this subdtance^ por» 
oelain, &c. 

Ajlkalies; of these there are three different species, 
named potash, soda, and ammonia : the two first are called 
Jixed alkalies, because they require great heat, in order to 
be melted and dissipated : the ammonia is extremely vola- 
tile, and quickly evaporales at the common temperature of 
the atmosphere. Alkalies have the following properties : 
they have a peculiar acrid taste, and actwith so muchenergy, 
that they corrode the tongue. — They have the power of 
chan^g the blue colours of vegetables to green. — They 
are soluUe in water, and give out heat during the mixture-^ 
— -• They corrode, and, if suflSciendy powerfiil, ifeduce wool- 
len doA to the form of a jelly. — They render oils miscible 
with watei', by uniting with them, and forming thereby 
soaps. — ^ Combined with sulphur they form alkaline hepars 
or livers, now denominated stdphnrets; and with acids they 
form neutral salts, distinguished by different names, accord- 
ing to the acid and alkali that enter into their union; hence 
we have the sulphate of potash, compounded of sulphuric 
acid and potash ; the nitrate of soda, formed of nitric acid 
and soda, &c. 

Potash is a dry, solid, white, crystallized sobstahee, fusible 
at a high tanperature, very deliquescent; and, when com- 
bined with silex in fusion, the compound is glass. It is 
procured fi-om die burnt ashes of vegetables by combustion 
in iron or other pots, whence die compound word pot-ash. 
It vTas known under the name of vegetable alkali, in conse- 
quence of its being chiefly obtained from plants. 

Soda is usually procured from the ashes of sea-weeds, or 
marine plants, but chiefly from the salt in^atei" of the sea, 
soda being one of the constituents of sea-salt It is found 
in large quantities combined with carbonio-acid in differ- 
ent parts of the earth, especially in Egypt, hence its 
name mineral alkali; and common culinary salt is a com- 
pound of sodaand muriatic-acid. -But the soda of commerce 
is obtained from ashes of different species of salsola, a 
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gmam of {daoto thai grow upon the se»-shof«. Almost all 
the algsB, or se»-weeds, contain a considerable quantity of 
soda, and the ashes of those plants are known in this coun- 
try by the name of kelp. The fixed alkalies are used in 
medicine^ as caustics in surgery ; for if a piece of flesh be 
put into a strong solution of potash, or soda^ it will be soon 
dissolved : they are used in the manubcture of glass, in 
soap-making, in dyeing, and in the formation of various 
colours for painting; also in the manu&cture of alum, and 
in Ueaching. The potash used m this country, is chiefly 
brouf^t from Ammca and Russia; but the kelp of our own 
coasts, and the barilla of Spain and Sicily, fomish us with 
die greater part of our mineral alkalL 

AarnHnUof or volatile alkali, exists in its most simple state 
in gas: it has a great aflSnity for water, with which it readily 
combines, and forms liquid ammonia. It is a compound of 
hydn^en mid nitrogen ; but the singular fiict discovered by 
Berzelius and Pontin, that ammonia and mercury, by the 
aid of a Voltaic battery, form mi amalgam, induced Sir 
Humphry Davy to consider the base of this alkali as a 
metallic substance : an idea which is, however, rejected by 
other eminent chemists. Ammonia is ^ven out by all 
animal and vegetable substances when in a state of putre- 
fiiction ; but it is chiefly procured by a dry distillation of 
bones and horns. It is used in medicine, in dyeing, and in 
the manu&cture of sal-ammoniac, or, as it is called in che- 
mical language, the muriate of ammonia; for the muriatic- 
acid and ammonia, in ar state of gas, unite and form a soUd. 

Acids Imve die property of changing blue vegetable 
colouring matter to red : they, for the most part, combine 
readily with water, and, whoi united with the earths, alkalies 
and metallic oxydes, produce salts. In general, acids are 
in the state of liquids : but some of them are solid, as the 
Benzoic add ; and some are met with in a state of gas, as 
the carbonic and muriatic acids. Some are mild, oth^ s 
are corrosive ; seme are pungent imd volatile, others are 
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fixed and inodorous. Acids are formed by the comhinatfoir 
of certain substances with oxygen, which is, in most cases^ 
unquestionably the acidifying principle; on that account the 
name oxygen was assumed from the Greek words o{u; and 
yivofMti, signifying to produce acidity. 
' Acids, as we have seen, may exist in three states, whidi 
are caused by the difierent degrees in which the base is 
combined with oxygen. In the first they contain the least 
possible quanti^ of oxygen to render them acid ; in this 
state they are designated,, in the chemical nomenclature, by 
the termination ous: thus we have the stdphnrotis^ the 
phosphorous, and the nitrous acids. In the second state 
they contain a larger portion of oxygen, and are in general 
saturated with it : this state is expressed by the termination 
M?, as the sulphunc, vkxxicy phosphorrc, and acetic acids. In 
the third state, which belongs to but few, they contain an 
excess of oxygen ; and are distinguished by the prefix oxj/^ 
as in the case of the o^muriatic acid. 

When metallic or other substances are combined with a 
less proportion of oxygen than is sufficient to render them 
acid, they are said to be oxydated, and the substances are 
called oxydes. Formerly acids were divided into the mineral, 
vegetable, and animal, according as they were supposed to 
derive thieir origin ; but it is now usual to class them ac- 
cording to the number of principles, or simple substances, 
of which they are composed : the acids of the Jirst class 
contain only two principles, viz. oxygen, and some substance 
called the radical, as the sulphurfc and sulphurous acids are 
formed of the radical sulphur, and a greater or less quantity 
of oxygen ; those of the second class are composed chiefly 
of oxygen, hydrogen, and carbon, in different proportions. 
Some of them contain a portion of nitrogen. 

Many of the acids are found in great abundance in nature, 
but in combination with other substances ; thus the vast 
masses of limestone, chalk, and marble, found in every 
part of the world, are combinations of lime and carbcmic 



Digitized 



by Google 



ALKALIES — ACroS 173 

scid. Gypsum, of which there is so much in different parts 
of the globe, is composed of lime and sulphuric acid; the 
fluoT spar, so abundant in Derbyshire and other places, is a 
compound of fluoric acid and lime; and the constituents of 
<x»mmou culinary salt, which is found in such immense 
quantities, both in the old and new world, are muriatic- 
acid and soda. 
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CHEMISTRY, Continued. 

Chemical attraction or affinity illustrated : Chemical apparatus — Ez« 
periments — Decomposition of the fixed alkalies. 

Chemistry is a science depending on experiments which 
are chiefly founded on very simple laws, that ought to be 
well understood in the outset of the study. The difierent 
actions which result from the proper application of the 
bodies already enumerated^ whether taken in their simple 
state, or combined, are founded on certain agendes 
which apparently exist in all matter. Of these the un- 
known causes are denominated attractive and rq>ulsive 
forces, their visible eflfects being attraction and repulsion. 
We have already explained what philosophers mean by 
these terms in Electricity, Voltaism and Magnetism, with- 
out pretending to guess even at the causes which produce 
them. In chemistry, the term attraction is frequently or 
generally exchanged for that of qffimhf. Chemical aflSnity, 
then, is to be regarded as the principle of chemical action ; 
and chemical attraction is the effect of this principle in a 
state of operation. The term attraction, when used gene- 
rally, and without linutation, as has been already observed, 
denotes the principle which brings, or has a tenden<7 to 
bring bodies remotely situated, to one another. Such 
is the action subsisting between the earth, and bodies that 
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tend tp fi|U tp its surface : suc)i is the action betweeiD th^ 
planets and their satellites, and between the sun and planets ; 
and probably th^ same principle extends tp all the fij^ecl 
stars, and the ipdefinit^ npmber of planets ^ependbg upon 
them, as th^ motions of earth, and other planets known to 
us, depend uppn the si^n. X^is principle then, it may be 
assumed^ acts^ ^t indefinitely great distances, such as tl^^ 
distance between the Q^rgium Sidus and the sun, which 
is computed to be 1,800,000,000 miles. Bui chemical, or 
elective affini^ or attraction, a,cts only upon particles at 
imperceptibly small distances. The following experiment 
will illi^trat^ the idea of what is meant by the term cliemical 
affinity. 

Ex. 1. Af ^popfiful of s^lt, thrown into a vessel of water,^ 
very soon diSiises itself through the whole of 4^ fluid, ^d 
the salt is said to be combined with the water ; the water 
and the salt have a certain affini^ for each other^ and they 
cannot be sq>arated by any mechanical means : bi^ if an- 
other substance be introduced, to which water has a greater 
affini^ than it has to the salt, it wUl quit the salt,, t/i^ ijmite 
to this third spbstance. I^ therefor^ alcohol be a thi^ 
body o^ this Hind, the watei; v^ill leave the salt to join the 
spirit ; and thie salt, by its syperior gravity, will fidl to the 
bottom of the vessel- 
Ex. 3. AlcoljKol wiljl dijssQ^v^ caii^hor, and the fluid will 
be pecfeqdy ^^fif^. ^^fi^ ^ anotjl^r instance of cheijalcal. 
cppihinarjpn.: the two sujbstances h^v^ a strong aftni^ lin: 
eachotl^: but the spirit has.a still sti;onger ajBini^y for water 
than fpr the caxppho]; ; and if a liffle of that fluid be added 
tp th.e so|utip|], tj^ cain[)l^pi; will ^ down in flakes, thal^ is,, 
'm. a soU4 fi^np? -T- The. foUo^ii^g inslapce of the nature of 
8ifi^]j^.a%u^^ is given if^^almosl^a)! the elementanry treatises 
Qf^ the object. 

1^. 8. To som^ ac^ta|;f$pf spdA^ put into a r/etort, G* 
Platte, yi. %• 2. a44 muriatic acid,^ mi distil th§. mi:j^tm». 
tQ^^ryn^s.^ The fin^wijl <}fjivQ off th^ apedc Qpid,,biitt^»rill 
k^p ]|o. effect on t^emuria|;fQ aci^,.wjiile in coqabinatioa 
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with the soda, which proves that the soda has a greater 
aflSnity for muriatic acid, than it has for the acetic. If now- 
nitric acid be added to the muriate of soda, for such is the 
name of the new substance, and heat applied, the muriatic 
acid will be driven off, the nitric acid becomes combined in 
chemical union to the soda, and the substance is now a 
nitrate of soda; to which, if sulphuric acid be added, and 
heat again applied, the nitric acid will be expelled, and the 
sulphuric acid will unite with the soda, forming a true sul- 
phate of soda. These changes all take place in consequence 
of chemical affinity.. 

Hence we may understand the method adopted in forming 
the tables of elective attractions. After what has been said, 
their construction is extremely simple ; the following is a 
specimen with regard to three difierent substances* 

SODA.. LIME. MURIATIC-ACID. 

Sulphuric acid. Oxalic acid. Barytes. 

Nitric acid. Sulphuric acid. Potash. 

Muriatic acid. Tartaric acid. Soda. 

Fluoric acid. Phosphoric acid. Lime. 

Phosphoric acid. Nitric acid. Ammonia. 

Acetic acid. Muriatic acid. Magnesia* 

These tables are given only as a specimen : not half the 
substances are enumerated, for which the soda, the lim^ 
and the muriatic acid, have an affinity, but these will serve 
to explain the principle, which is as follows. The substance 
whose attractions or affinities are to be enumerated, is 
placed at the head of the column, and the different sub- 
stances for which it has an affinity, are placed beneath it, in 
the order of the forces of affinity, the substance to which it 
has the strongest affinity, being immediately under it, the 
others following in that order, and the one, for which it has 
the least or weakest affinity, being the lowest in the column. 
Hence, as in the last experiment, the muriate of lime^ 
which is a compound of muriatic add and lime^ will be de- 
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composed by any of the other acids standing above the 
muriatic acid in the second column : and the muriate of 
magnesia, will be decomposed by ammonia, or the other 
substances above it, in the third column. But if to a sul-- 
phate of lime be added nitric acid, which stands below the 
sulphuric acid, no decomposition will be produced, because 
the su^^ttric acid has a stronger affinity for lime than the 
nitric acid. 

We shall illustrate the subject of chemical affinity still 
fiurther» and observe : U That it acts only in the case of 
bodies of diflferent natures. Mix together soda and sid* 
phuric acid ; they are both highly acrid substances, but of 
opposite qualities : but by chemical affinit^r they combine, 
and form a neutral salt, called Glauber's salt, or sulphate 
of soda. 

S. Chemical affinity acts only between the minute par- 
ticles of bodies. A lump of sulphur thrown into alcohol 
wiU cause no action, but if the sulphur be brought into 
very fine powder by sublimation, the bodies will unite^ and 
the solution be perfectly transparent. 

The union of the sulphur with the alcohol is thus effect? 
ed. Put some pounded sulphur into a retort. A, 'see Plate ^ 
VI. fig. 7; suspend within it, a bottle, B, containing alcol^l; 
and wfaoi the whole is covered with anoth^ j^ass, C, and 
the joinings well luted, then heat the apparatus by means 
of the fiiniace, F. The sulphur will now rise up in small 
particles, that is, it will be sublimed, and will unite with 
the particles of alcf^ol, which also are driven off by the 
heat, and the two bodies thus united will fiill into the 
matrass, r. 

To prove that the trasparent fluid is a true solution of 
sulphurin the spirit, pour a small portion of it into a wine- 
glass, and add to it some distilled water; the alcohol hav- 
ing a stronger affinity for water than for sulphur, will leave 
the latter to unite with the former, and the sulphur will fall 
to the bottom. 

Flowers of sulphur are the product of sulphur, sublimed 
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in the dry state: that beautiful substance, flowers of Ben- 
zoin, are obtained also from the sublimation of Benzoin by 
a similar method. 

3. This attraction may take place between several bodies : 
thus, two, three, or more metals may be fused together, so 
as to produce compounds, the properties of which are very 
different from those of the constituent parts. Melt eight 
parts of bismuth, five of lead, and tliree of tin together, and 
though either of the metals separately, requires a great de- 
gree of heat to fuse it, yet when united, the compound is so 
fusible, that a spoon made of it will melt in boiling water. 
A composition of equal parts of lead, zinc, and bismuth, 
may be kept in fusion upon a paper held over the flame of a 
candle. 

4. Bodies in general will not unite chemically unless one 
of them at least be in a fluid state. Neither sugar nor salt 
will combine with ice, but they most readily unite with water. 
Alkali and sand in their usual state have no action upon one 
another ; but when the alkali is reduced by a violent heat 
into a fluid state, the two substances run into the compound 
glass. 

5. When two or more bodies are united l)y chemical af- 
finity, their temperature sufiers a change at the instant of 
union. In a small phial, half full of cold water, pour some 
sulphuric acid very gradually, and a sensation of heat will 
be immediately perceived, which, by the continual addition 
of acid, may be increased beyond that of boiling water. 
Great care must be taken to pour the acid in gradually. 

Mixture does riot necessarily produce heat ; in some cases 
it causes a most intense cold. Hold in one hand a phial, 
containing some pulverized muriate of ammonia, upon 
which pour cold water, and shake the mixture ; a sensation 
of great cold will be inunediately felt. The causes of these 
effects are thus explained. When substances become more 
condensed by mixture, heat is evolved ; and when they ex- 
pand, cold is produced: that is, the compounds have a 
greater or less capacity for caloric than the separate ingre- 

13 



Digitized 



by Google 



CHEMICAL AFFINITY. I79 

dients. The principle is farther illustrated by the following 
exj^riment. In a cup, containing a small quantity of oil of 
turpentine^ pour half as much strong nitrous acid, pre- 
viously mixed with a few drops of sulphuric acid. The mo- 
ment the acids come in contact with the turpentine, a vio- 
lent flame will be produced, which is owing to die com- 
pound having a much less capacity for caloric dian tlie 
separate fluids, consequently a part is liberated, and the 
rapidity witfi which it is evolved causes the inflammation. 
This is a hazardous experiment, the turpenfme should be 
placed in the opening of a chimney, and the acids in a 
phial tied to the end of a stick five or six feet long, from 
which It may be poured at arm's length. 

6. By chemical affinity, some bodies acquire qualities 
very different from those which the compounding bodies 
had before. Iron and tin may be combined by fusion. 
Separatdy, both metals are malleable and ductile, but the 
compound has lost boUi diese properties, and has become 
extremely britde. Liquid ammonia, and concentrated mu- 
riatic acid, which have, separately, most pungent odours, by 
mixture in due proportions, lose their scent entirely. If con- 
centrated sulphuric acid be dropped gradually into a satu- 
rated solution of muriate of lime, a salid will be formed 
from the two fluids. The same effect will be produced with 
muriate of Ihne and carbonate of potash : or with a satu- 
rated solution of sulphate of magnesia, (Epsom salt,) mix a 
like solution of caustic alkali, and the mixture will imme- 
diately become almost solid. Equal parts of crystallized 
nitrate of ammonia and sulphate of soda, triturated toge- 
ther, will become fluid. 

7. The action of two compound substances, by which 
they mutually decompose each other, and produce two or 
more new substances, is called compound affinity. 

If to a solution of sulphate of ammonia there be poured 
nitric acid, no decomposition takes place, because the sul- 
phuric acid has a greater affinity for ammonia than nitric 
acid. But if, instead of the nitric acid, a solution of nitrate 

N 2 



Digitized 



by Google 



180 CHEMISTRY. 

of potash be poured in, a double decoinposition takes glace, 
and by evaporation two new bodies are obtained, viz. a sul- 
phate of potash, and nitrate of ammonia, For in this case 
tlie sulphuric acid of the sulphate of ammonia, leaves the 
ammonia to seize upon the potash, and, at the same time, 
the nitric acid attracts the ammonia. 

The acetate of alumina, used by dyers and calico-printerst 
is not readily formed by directly uniting acetic acid and alu« 
mina ; for the affinity of these substances for each other is 
but weak. But if the sulphate of alumina be mixed with 
the acetate of lead, a mutual decomposition takes place, and 
the acetic acid of the acetate of lead unites with the alu- 
mina, and thus the required article is obtained. 

Having given this brief view of some of the chief phoio- 
mena and principles of chemical affinity, we proceed to no- 
tice a few articles of the more simple and fiuniliar apparatus 
necessary to a young chemist ; connecting with them such 
experiments, as may, if put in practice, render the subject 
easy and interesting. 

For the mechanical division of bodies, it is requbite that 
the practical chemist should have hammers, knives, files, 
and rasps, for breaking, cutting, rasping, filing, and shav- 
ing : he should have pestles and mortars for pounding ; a 
stone and muller for levigating; a pair of rollers for lami- 
nating metals; a small forge, lamps and furnaces of various 
descriptions* The following apparatus will be sufficient for 
the illustration of the early principles of the science. In PI. 
VI. fig. 1, is a tub, or trough, AZ, nearly full of water, 
with a shelf, KKK in it; B, G, F, are glass jars or re- 
ceivers, inverted with their mouths downwwls. We shall 
point out its use by the example of oxygen-gas. C is a 
glass bottle, into which are put some red-lead, or black 
oxyde of manganese, and a small quantity of dilute sulfuric 
acid D is a glass tube, generally fitted, by grinding to the 
neck of the botde, and curved so as to enter conveniently 
below the shelf, and communicating with one of the jars or 
raceivers B, G, F. E is a glass retort, such as is sliown in 
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fig. 5, which may be applied to the same purpose. If the 
bottom of the bottle C be heated by means of a wax taper, 
or common candle, the oxygen-gas will rise in bubbles, and 
fill the receiver, from which it drives out the water. 

Fig. tf . Represents an elegant chemical apparatus of the 
same nature, used by Sir H. Davy, at the Royal Institution. 

A is a japanned tin vessel, filled within two or three 
inches of the top with water. Just bdow the surface of the 
water is fixed a shelf, having several holes boied through it, 
to which small funnels are attached underneath. The glass 
recover B, intended to receive the gas, is filled with water, 
and being inverted with its mouth under water, it is raised 
up gendy, and placed upon the shelf over one of the holes, 
where it will remain full of water, which is kept up by the 
pressure of Uie atmosphere, in the same way as the mercury 
is retained in the tube of a barometer. * 

The materials firom which the gas is to be disengaged, 
are put into the retort G, which is passed through and sus- 
pended in one of the rings of the lamp^furnace. A£ is an 
improved Argand's lamp, having two concentric wicks, placed 
on a shel^ which is moveable up and down to bring the 
lamp to a convenient distance from the retort. The lamp 
is to be lighted, and as soon as the substances in the retort 
act upon each other, the gas will b^in to be disengaged, 
and will ascend through the hole of the shelf into the vessel 
B, and displace or force down the water, with which it 
had been filled. When the water is displaced, the receiver 
is full of gas, which may be preserved in it, by keqping its 
mouth always under water in the cbtem. 

The gas so obtained may be transferred fix>m the vessel 
B to any other, in the following manner : fill the vessel into 
which the gas is to be transferred with the fluid in the 
trough, and place it on the shelf over one of the holes* 
Then take the vessel B, and, keeping its moutli still under 
the fluid, bring it beneath the hole above which the vessel 
to be filled is placed ; then, by depressing its bottom and 
elevating its mouth so' as to bring it to a horizontal posi- 
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tioiiy the gas in it will escape, and rise up through the hole, 
on which the other vessel has been placed, and will fill it, 
by displacing the water. 

When the gas to be procured is absorbed by water, as 
carbonic-acid-gas, quicksilver is used instead of water, to 
fill the trough, and a much smaller vessel than A, made of 
stone or wood, is used. See fig. 6. described in p. 173. 

A small glass vessel, capable of containing an ounce mea- 
sure, is used for measuring gases ; if this phial be successively 
filled, and emptied under a larger jar, we may thereby throw 
into that jar whatever quantity of gases, or any mixture of 
them, we please. 

Adjoining the receiver, B, and on die shelf, fig. 2, is a 
strong glass tube, for receiving a mixture of gases, intend- 
ed to be exploded by means of the electrical spark. Near 
the upper end, wRich is closed, two pieces of brass*wire 
pass in the tube; they are cemented in, so as to make 
the holes air-tight, and they nearly touch each other 
within the tube. If the interval between the two wires be 
made a part of the electric circuit, by putting chains, 
connected with a Leyden phial, to the hooked ends of the 
wires, the electric spark will pass through the interrupted 
space between the two wires, and explode the gases. 

Exp. 1. Pour sulphuric acid upon a small quantity of 
mercury, in the glass retort, fig. 2, and apply the heat of 
the lamp, and sulphurous-acid-gas will be evolved ; for the 
mercury combines with part of the oxygen of the acid, 
which having lost a portion of its oxygen, is converted into 
sulphurous acid in the shape of gas. 

Exp. 2. To copper filings or shreds, put in the retort 
fig. 2, some nitric acid, diluted with three times its weight 
of water, and nitric oxyde or nitric gas will be evolved. 
Hie same gas will be given out fi*om iron filings and nitric 
acid; for the acid will, in part, be decomposed, and its 
oxygen will render the metal soluble. 

Exp. 3. Nitric acid may be obtained by distilling in the 
retort G, fig. 2, two ounces of nitre, and one part of sul- 
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phuric acid, and collecting the gas in proper receivers. In 
a fluid state, it is clear and colourless, like water : its smell 
is acrid, and its action on animal substances, very corrosive- 
It stains the skin permanently with a yellow colour. It has 
a ^reat affinity for water, and oxydizes most of the metals. 

Nitric add is composed of twenty-five parts of nitrogen 
and seventy-five of oxygen : whereas the atmospheric air 
is a compound of the same materials, with the proportions 
reversed; it being formed of about twenty parts of oxygen 
to eighty of nitrogen : the latter is not only perfectly in- 
nocent, but necessary to the existence of animal life ; the 
former a most corrosive and destructive liquid. 

Exp. 4. If a mixture of the nitrogen and oxygen gases, 
in the proportions of 25 to 75, be introduced into the tube 
j: in fig. 2^ and a number of electrical explosions be passed 
through it by means of the wires at a, the gases will unite, 
and nitric acid will be produced. 

Exp. 5. Nitrous acid may be obtained by heat from the 
lamp, fig. 2, by pouring sulphuric acid on some nitrate of 
potash. 

Muriate of soda treated in the same manner will give out 
muriatic acid, in the shape of gas. 

Exp. 6. Into tl)e glass retort G, fig. 2, put a mixture of 
two ounces of lime, and one of muriate of ammonia, (sal- 
ammoniac,) both in powder, apply the lamp, and ammoni- 
acal gas wiU come over, but it must be collected over mer- 
cury, on account of its affini^ to water. This kind of gas 
may be procured by heating liquid ammonia, and collecting 
the gas. The usual test to discover the presence of am- 
monia is the muriatic or acetic acid. If either of these be 
held over any thing giving out ammonia, white fumes appear, 
which are owing to the ammonia uniting with the acid, and 
forming a cloud, which is a neutral salt. 

Fig. S. represents a retort used in distillation. It is a 
vessel either of glass, or of baked earth, for containing the 
liquor to be distilled. When it has a small neck ff, with a 
stopple, fixed to it, for introducing the materials through, 
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it is called a tubulated retort* B is the receiver for con* 
densing the vapour which is raised, and into which the nedk 
of the retort is inserted. The joining 5, is made air tight 
by some substance, such as paste, applied to it, called in 
chemistry luting. 

When great heat is employed, earthen retorts are used, 
and they are placed on a fire. When a le^s heat is wanted, 
glass retorts are used, which are suspended over a lamp. 
The receiver B is placed on some stand, which will keep it 
steady. 

Exp 7. Pour four ounces of water into a retort G, fig. 2, 
and add to it some solution of potash, and raise it, by means 
of the lamp, to a bmling heat. When it boils, drop in 
through a tubulure, as at a, fig. S, a small piece of phos- 
phorus. The water will now be decomposed, and the hy* 
drogen combining with the phosphorus, we hare phosphu- 
retted hydrogen-gas, of which the bubbles, as they come to 
the sur&ce of the water, bum with great rapidity. This 
is the most combustible substance known. 

r^. 4. A is a chemical vessel, called a matrass, used for 
distillation also^ having a vessel B called an alembic, fitted 
to the head. The liquid, raised by heat into the slate of 
vapour, is condensed in the alembic, and falls into a grooTe 
all round its inside, whence it runs out by the spout C into 
the receiver D. 

Fig. 5. is a phial with a bent glass tube fitted mto it, for 
disenjla^g gases in the pneumatic apparatus. 

Exp. U Put into a glass vessel A, fig. 5, an ounce or two 
of marble, broken down into small bits, and about an equal 
quantity of water, on which pour a small quantiQr of sulphu- 
ric acid, then put in the tube z, through which the carbonic 
acid will proceed, and may be collected in any of the re- 
ceivers shown in fig. 1. In this case, the lime in the marble 
has a stronger afiinity to the sulphuric acid, than it has 
for the carbonic acid in its original composition •*-* it leaves 
the latter therefore to seize upon the former. 

Exp. 2. Put into the vessel, fig. 5, an ounce of iron filings^ 
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with three or four ounces of water, and pour upon them a 
little sulphuric acid, and hydrogen-gas will be evolved. In 
this case the water is decomposed : the oxygen unites itself 
to the metal, and the hydrogen escapes, and may be con- 
veyed by the glass tube 9 into any proper receiver. 

Exp. 5. A better mode of obtaining hydrogen-gas is from 
the fflings of zinc, upon which is to be poured sulphuric 
acid, diluted with six or eight times its quantity of water : 
the same kind of vessd is used as in the last experiment. 
This gas, as has been akeady observed, can be procured 
pure only fix>m water, which in all cases suffers a decom- 
position, 

Exp. 4. Into ajar x^ fig. 6, containing ammoniacal gas, 
admit from the retort s, some muriatic-acid-gas, and the 
two invisible gases will combine, and form a solid, muriate 
of ammonia, or sal-ammcmiac, which is deposited upon the 
sides of the vesseL Here two of the most pungent and vo- 
latile substances known, combine and form a solid, almost 
without a smell, and of litde volatility. The theory on which 
the experiment depends, is, that the bases of the gases, that 
is, the ammonia and muriatic add, have a greater affinity 
for each other, than they have for their caloric; they ac- 
cordingly give out a portion of calorici and unite into one 
mass. 

Exp. 5. By a similar mode, convey carbonic-acid-gas 
into the jar r, containing ammoniacal gas, and tfie solid 
carbonate of ammonia will be formed on the inner surface 
of the jar, in a kind of silky fibres, or fine powder, which 
must be regarded as crystals^ 

Exp. 6. Put an ounce of black oxyde of manganese into 
a small glass retort O, fig. 5, and pour upon it a litde con- 
centrated sulphuric acid ; then apply the lamp, as in fig. 2, 
and the gas will be collected in the receiver B. A pound 
of the oxyde of manganese will fiimish ten gallcms <^ gas. 

Fig. 6. is an apparatus contrived to coUect such gas as 
cannot be recdived over water. The box contains mercury, 
and b used in every respect like the apparatus, fig. 1. 
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Put some pieces of sulphur into the vessel A Q to which 
the receiver, fig. 7« is fitted, and accurately luted round. 
A is put on a vessel filled with sand, called a sand-bath, 
which is to be heated by the furnace F. The sulphur melts, 
a thick white smoke arises, which is deposited in C, in the 
form of powder. Hence it is called flowers of sulphur. 
The earthy matter is left behind, and the sublimed suljdiur 
is pure. In this experiment, the matrass Xy and the ex- 
tended tube to o r, belonging to C, are supposed to be 
away. 

Fig. 8. is a crucible. Crucibles are generally made of 
baked clay, or a mixture of clay and black lead in powder, 
which renders them capable of sustaining an intense heat. 
When used for melting substances, they have generally 
covers adapted to them, as is shown in the figure. 

Fig. 9. is called a philosophical candle, which is exhi- 
bited by setting fire to hydrogen-gas. A B is a glass jar, 
containing iron filings, and diluted sulphuric acid ; a is an 
additional neck, with a stopper, by which a fresh supply of 
iron filings and sulphuric acid may be readily introduced ; 
b xisfi piece of tobacco-pipe, fixed into the cork or stopper 
by of the jar A B. 

Fig. 10. is the representation of the combustion of iron 
in oxygen-gas. A is the iron-wire supposed to be in a 
state of inflammation, B C is a glass jar containing oxygen- 
gas placed in a vessel containing water. This experiment 
was contrived by Dr. Ingenhouz. 

Fig. 11. represents a blow-pipe eight or nine inches 
long. It is made of brass or silver, the mouth-piece A, 
should be of ivory, the hollow globe B, is contrived to 
condense the vapours coming firom the breath ; the opening 
C, through which the wind is applied to the flame^ must 
be as small as the finest wire. 

Fig. 12. Decomposition cf fVaier. — £ F is a tube of 
common glass, made very strong and thick, about an inch 
in diameter. CFED is a furnace of iron, containing 
lighted charcoal ; A i}* a glass retort, containing water, and 
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resting on a anali sur&ce V V. To the lower extremi^ of 
the glass tube, a worm S S is applied, connected with the 
flask H5 which has two necks, or orifices. To this flask, 
a glass tube K k is adapted^ in order to convey the gas 
formed, to any proper vessel for receiving it. When the 
apparatus is thus arranged, introduce into the glass tube 
£ F, a quantity of iron filings, and fill the retort A, with 
water. The fire being then lighted both under die tube 
and under the retort, the glass tube will become red hot, 
and the water in A will boil and rise through the iron 
filings in a state of vapour. The iron absorbs the oxygen 
of the water, and becomes oxydized. The hydrogen of the 
water passes through the worm S S into H, and firom thence 
rises in the state of gas, into the tube K k, to which a 
bladder, or other receiver, may be applied, in order to ob- 
tain it. When the apparatus is coded, the iron filings 
will be found to weigh much heavier, than when first put 
uHi fi*om the quantity of oxygen they have absorbed ; and 
in this state they exhibit a true oxyde of iron. 

Mtscellaneaus Experimenis* Exp. 1. To an ounce of di- 
luted nitrous acid in a wine-glass, put half an ounce of 
^ mercury. The add will be decomposed, and during the 
process it will change colour fi*om the yellow to the green, 
blood red, &c till it become pale as water. Here is a 
metal dissolved in a fluid, and the opacity of the. metallic 
body is completely overcome, the liquid being perfectly 
. transparent. If more mercury be added, and heat applied 
to evaporate part of the water, the newly formed substance 
will shoot into prismatic crystals, exhibiting the formation 
of a metallic salt, the nitrate of mercury. 

Exp. 2. On an ounce of a solution of potash, pour half 
an ounce of sulphuric acid, and, after a while, crystals of 
sulphate of potash wQl be formed. 

An ounce of muriatic acid, poured on the same quantity 
of caustic soda, will produce common culinary salt 
' Exp. 3* Pour a little lime-water into a wine-glass, and 
some solution of oxalate of ammonia, which is a cpmpound 
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of oxalic acid and ammonia: both are transparent, but 
being mixed together, the oxalic acid seizes on the lime, 
and produces a white precipitate of oxalate of lime. 

Carbonic-acid-^as thrown into lime-water, will yield a 
precipitate in the form of carbonate of lime. 

Exp. 4. Take two glasses of pure water, and with one 
mix a sin^e drop of snlphuric acid: pour a little muriate 
of barytes into the other, and no change will take place : 
pour some of the muriate into the other glass, and the 
barytes will leave the muriatic acid to combine with the 
sulphuric, for which it has a greater afBni^, and a sulphate 
of barytes is now formed, as a white precipitate. 

Exp. 5. Instead of the muriate of barytes, make use of 
the nitrate of silver : and sulphate of silver will be forraed. 
Exp. 6. Mix an ounce of lithaige of lead with a dnun 
of muriate of ammonia reduced to powder, and heat the 
mixture in a clean tobacco-pipe: the ammonia will be 
driven off in the form of gas, and the add will combine 
with the lead, forming the muriate of lead, whidi, when 
ground, is the true patent yeUow. 

Exp. 7. To an ounce of redhead, add a dram or less of 
fine charcoal powder, and being well incorporated in a 
m<»tar, put the mixture in a tobacco-pipe^ and bring it to 
the action of an intense heat in a common fire : the result 
will be metallic lead, for the oxygen of the lead combining 
with the carbon, and a portion of caloric, goes off in the 
shape of carbonic-^dd-gas, and the metal is of course left 
pure. The usual mode of reducing metallic oxydes, is to 
mix them with diarcoal, and subject the mixture to an in- 
tense heat, by means of a crucible^ see fig. 8. 

Exp. 8. Take some red-lead, and expose it to an in- 
tense heat in a crudble, fig. 8, and die result will be a me- 
tallic glass, which fiimishes an example of die vitrification 
of metals, and of the method of glazing different kinds of 
pottery. 

Exp. 9. Spread a piece of tin-foil upon a piece of thick 
4;iartridge paper : pour a small quantity of strong solution of 
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nitrate of copper upon it. Fold it up quickly, and wrap it 
round with another paper, to exclude the access of the at- 
mospheric air. Place it on a tile, marUe, &c. and in a 
little while combustion will commence. 

Exp. 10. By mixing together in a warm mortar, three 
parts of nitre, two of potash, and one of sulphur, we have 
a fulminating powder. A small portion of this placed in a 
fire-shovel over a hot fire, blackens, melts, and explodes 
with a violent report, but without danger. 

Exp. 1 1 . To show the effect of the atmospheric air upon 
crystallization,, dissolve three drams of sulphate of soda 
(Glauber's salt) in an ounce of boiling water, pour it, while 
hdt^ into a phial, and cc^k it close. It will remain in this 
state any length of time, but if the coik be removed, the 
crystallization will commence and continue. This experU 
nt&it will answer with the saturated solution of many other 
salts. 

Exp. 12. If the experiment be repeated with a small 
thermometer immersed in the solution, and closed so as to 
exclude the atmospheric air, it will be seen that the mer- 
cury will rise on the removal c^ the cork ; which proves, 
that caloric is given out in the transmutation of liquids into 
solids. It agrees with the law discovered by Dr. Black, 
viz. that vjhenever a body changes its state^ either Jrom a solid 
Jorm to ajbdd^ or vice versdj it either combines withf or gives 
out caloric : that is, 

1. Every body which passes finom the solid to the liquid 
state^ absorbs a portion of heat, which exists in a true state 
of combioation, and is called latent heat If a pound of 
water at S2^ be mixed with an equal quantity at 1*79^9 the 

temperature of the mixture will be = — -= 102 . 

But if a pound of ice at 32* be mixed with a pound of 
water at 172*, the temperature of the mixture will be still 
32*, because the i4«0 degrees of caloric are absorbed in 
melting the ice : they have no effect on the thermometer, 
but exist in combination with the water as latent heat. 
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^2. Bodies, in passing from the fluid to the aeriform state, 
absorb heat A vessel, containing a few ounces of water, 
was exposed to such a heat, that it boiled in about four mi- 
nutes ; but it required half an hour wholly to evaporate. 
The same degree of heat flowed into it after, as it had done 
before it reached the boiling point; but it was neitlier sen* 
sible in the water, the vessel, or the vapour ; it was of course 
absorbed as necessary to the vaporous form. 

M. Biot, a very able philosopher in France, has actually 
succeeded in forming water from hydrogen and oxygen gas, 
by compression only, independently of the electric sparks to 
which we before referred. The compression, he says, by 
bringing the particles of the gases into intimate union, makes 
them throw out heat sufiicient to set them on fire, and the 
product of the combustion is water. It is thought probable 
that the torrents of rain, which sometimes accompany thun- 
der storms, may arise from the sudden combiisdon of these 
gases, which combustion is supposed to be occasioned by 
lightening. 

The aurora borealis in the higher regions of the atmo- 
sphere, and the ignis fatuus, near the surface of the eartli, 
are probably formed of hydrogen-gas : in the former case, 
this gas by its levity occupies the superior strata of the air ; 
in the latter, the gas is derived from decayed vegetables, or 
stagnant water, or the decomposition of coaly substances. 

The atmosphere, when its temperature is sufliciently low, 
deprives the water of a certain portion of its caloric : crystal- 
lization then follows, and the water is changed fr*om its fluid 
state into ice. In the first act of freezing, the crystals of 
water are uniformly joined at the angle of 60 ^. Fresh water 
freezes at the temperature of 32 « of Fahrenheit ; but before 
salt water will run into crystals, it must be cooled down four 
or five degrees lower.- 

By the expansion of water in fireezing, rocks and trees 
are frequently split ; and it has been calculated that a glo- 
bule of water of an inch in diameter, expands, in fi'eexing, 
with a force superior to the resistance of many tons weight. 
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Water becomes still more solid in the composition of 
mortar and other cements than in ice, having parted with 
more of its caloric in those combinations, than it does in the 
act of freezing. It enters into the composition of many 
mineral bodies, and appears to be the cause of their trans- 
parency. Many stones lose their transparency by being 
deprived even of a part of their water of crystaUization, or 
that which entered into their composition ; and are thus 
rendered brittle, or even pulverulent Alkaline and earthy 
salts undergo similar changes. If water be thrown on 
quick lime, it will be retained with such force that nothing 
less than an intense red heat will separate it And alu- 
mina, it is said, when mixed with water, retains a tenth of 
its weight of that fluid at a heat which would melt iron. In 
the case of fresh calcined plaster of Paris, or Roman cement, 
mixed with a sufficient portion of water, the affinity of the 
plaster for the water, is so great, that in a few minutes, 
these pulverulent matters will be converted into solids. 

Exp. Boil a few copper filings in concentrated sulphu- 
ric acid, to which a small portion of nitric acid has lieen 
added ; and when tlie copper is dissolved, the mixture is to 
be diluted with a litde water, and then, left where it may 
cool gradually. In a few hours, crystals of blue vitriol will 
be found at the bottom of the vessel, as hard as some mine- 
rals. See Parkas Chemistry. 

We have shewn in the last chapter,' that the Alkalies, 
the Earths, and the Metallic oxydes are strictly connected 
in their most important chemical character, viz. that dis- 
played in relation to acids. This fact being established, 
and the constitution of the metallic oxydes being known, 
chemists might naturally, from analogical reasoning, have 
assumed, but without any data,.that the others were of a simi- 
lar nature ; in other words, that the alkalies and earths con- 
sisted of metallic bases, combined with oxygen. Thi» ana- 
logy was extended to the earths. It was often asserted that 
they were metallic oxydes, and some attemp];s have occa- 
sionally been made, but without success, to reduce them 
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to the metallic form. The same analogy does not appear 
to have been extended to the alkalies^ because the pecnliar 
propeitiefr. of these being less like, than those of the earths^ 
to the properties of tlie metallic oxydes ; and because the 
composition of one of them, ammmiia, having been establish- 
ed, was found to have no apparent relaticHi to metallic mat- 
ter, or to oxygen. Ammonia, as we have seen, had long 
beai known to consist of nitrogen and hydrogen, whidi^ 
perhaps, led chemists aside from the analogy thqr might 
have otherwise pursued, and the two fixed alkalies were 
supposed to be of similar constitution* It was omjectnred 
that dther nitrogen or hydrog^i was the alkaline principle^ 
which being united with some of the earths, formed the 
fixed alkalies. 

By the recent discovery of the composition of the alka- 
lies and earths, the original analogy has been established. 
Sir Humphry Davy submitted the two fixed alkalies to the 
action of the Voltaic battery, effected their decomposition^ 
and demonstrated that they consbt of metallic bases com- 
bined with oxygen. He soon extended his investigations 
to several of the earths, and succeeded in obtaining metal- 
lic bases from two, and imperfect indications of metalliza- 
tion from others : but Dr. Clarke of Cambridge has recently 
succeeded in reducing most of them, including silex^ one of 
the most refractory, to the metallic state, by exposing it 
with inflammables to ignition in a highly condensed mix- 
ture of the constituents of water. Analogy led Sir Hum* 
phry DaA7 to suspect that ammonia might also contain oxy- 
gen, and he stated several experiments by which t^ seemed 
to be proved: but his conclusions have^since been over- 
turned by the investigations of other chemists, particularly 
of the younger Berthollet, and of Dr. Henry. The ana- 
logy between ammonia and the other ftlWHpg seemed to be 
further established by its amalgamation with quicksilver: 
hence it was inferred, that it must have a metallic base, 
which by uniting with oxygen, forms this alkali. The ex- 
periments of Thenard and Gay-Lussac, however, appear 
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to establish a difierent doctrine; and we are compelled, for 
the present, to regard ammonia as an exception to thege-> 
neral principle, that bodies, capable of neutralizing acid 
properties, have metallic bases. 

In fiirther treating on this important subject, we may ob- 
senr^ that Sir Humphry Davy was led to institute the ex- 
periments, to which we have alluded, with the express view 
of decomposing the fixed alkalies, by his previous discovery, 
that by the powers of Voltaism, the principles of bodies 
are separated, according to a certain law ; some being at- 
tracted to one pole, and some to the other: and that 
the strength of these attracting forces is proportional to the 
energy of the opposite electricities in the Voltaic circuit, to 
the conducting power, and concentration of the substances 
submitted to their action. 

One of the early successful experiments in decomposing 
potash, is thus described in the Phil. Trans, for the year 
1808 : A small piece of pure potash, which had been ex- 
posed for a few seconds to the atmosphere, so as to give a 
conducting power to the surface, was connected with the 
negative side of the battery, in a state of intense activity ; 
and a platina wire communicating with the positive side, 
was brought in contact with the upper surface of the alkali. 
A vivid action soon took place : the potash began to fuse 
at both its points of electrization. There was a violent 
efiervescence at the upper surface ; at the lower or nega- 
tive sur&ce, 'there was no liberation of dastic fluid, but 
small globules having a high metallic lustre, and being pre- 
cisely similar in visible characters to quicksilver, appeared: 
some of which burst with an explosion, and a bright flame, 
as soon as they were formed; and others remained and 
were first merely tarnished, and finaUy covered by a white 
film, which formed on their surfaces. " These globules," 
siud the philosopher, ^^ numerous experiments sOon showed 
to be the substance I was in search o^ viz. a peculiar in- 
flammable principle, the basis of potash." This &ct was con- 
firmed by numerous experiments made in different ways, 
and it was concluded that potash was compounded of about 
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84 parts of a metallic base, and 16 of oxygen. The me- 
tallic base was named Potassium. 

Potassium at the temperature of 60^ Fahrenheit, i^pears 
in the form of small globules, very like mercury; but at 
thb temperature it is imperfectly fluid : at the temperature 
of 100^ the globules will readily run into one another. At 
the temperature of 50^, it is soft and malleable ; and at S2% 
it becomes hard and brittle. It is not volatile, requiring a 
red heat nearly to convert it into vapour. It b a perfect 
conductor of electricity, and a very good one of caloric. 
' In these properties it has the closest resemblance to metals^ 
and might therefore be expected to be like them in their 
most characteristic property, that of density : so fiu* firom 
this, however, it is lighter than water, or even pure alcohol. 
Compared with water, the specific gravities are as 6 to lO. 
In the solid form, potassium is heavier, but still it swims in 
distilled naphtha. 

The chemical relations of this metal are not less singular 
than its physical properties. It combines slowly with 
oxygen, and without flame, at aU temperatures below that 
of its volatilization ; but at tl)is d^ee of temperature com- 
bustion takes place, the heat is intense, and the light white 
and vivid. When brought into contact with water, potas- 
sium decomposes it with great violence; an explosion is 
produced with flame, and potash is formed. Placed on 
ice, it instantly bums with a bright flame, melting the ioe. 
So very powerfid is the action of this substance on water, 
that it discovers, by the decomposition which it produces, 
the smallest quantity of water in other liquids, as in alcohol 
or ether. 

If potassium be thrown into solutions of the mineral 
acids, it inflames and bums on the sur&ce, and the ccMn- 
pound of potash with the acid is formed. It also inflames 
in the acid gases. It combines with the simple inflam- 
mable substances. Wheq, for instance, it is brought into 
contact with phosphoms under exposure to the air, both 
bodies become fluid, and hunu and a phosphate of potash 
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is formed. It readily combines ivith the other metals, and 
produces some curious results, into which we cannot enter. 
The experiments of Sir Humphry Davy on soda, weie 
equally successful with those on 'potash ; and both being 
conducted on similar principles, it is not necessary, in this 
sketch, to go over the same ground* The proportions in 
which the metallic base and oxygen are combined in soda, 
are as about 78 of base to 22 of oxygen. The metallic 
base, called sodiuntj is more like silver than mercury : it is 
exceedingly malleable, and is softer than any of the com- 
mon metallic substances ; its specific gravity is to that of 
water as nine to ten nearly. It combines with oxygen 
slowly, and without any luminous appearance, at common 
temperatures : but when subjected to considerable heat, this 
oombinatkm becomes more rapid ; but no light is emitted 
till it has acquired a temperature nearly equal to that of 
ignition. It produces a white flame in oxygen-gas, and 
sends forth bri^t sparks, occasioning a very beautiful ap- 
pearance. When thrown upon water, it produces a violent 
effervescence, with a loud hissing noise ; it combines with 
the oxygen of the water to form soda, which is dissolved, 
and its hydrogen is disengaged. It combines with the me- 
tals, and in the quantily of ii^-th, it renders mercury a fixed 
solid of the colour of silver, and thecombination is attended 
with a considerable degree of heat. 

The experiments of Sir Humphry Davy and others on 
ammonia, would, even in the most abridged form, take up 
more space than we can allow to them. It will be sufficient 
therefore to observe, that though a compound of hydrogen 
and nitrogen, it has several pn^rties in common with me- 
tallic bodies. Thus it combines with mercury, and renders 
that fluid metal solid ; and when combined even in a very 
minute proportion, reduces the specific of the mercuiy 
from 15 to 3. This singular compound is considered by 
Thenard and I^ussac as a union of mercury with ammonia, 
and hydrogen derived from the decomposition o( the mois- 
ture or water ; the presence of which is absolutely neoes- 
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sary to the success of experiment; and this view of the 
subject is confirmed by the fact, that the ammoniacal amal- 
gam is again resolved into ammonia and hydrogen, by 
mere exposure to heat, or by agitation in vesseb firom which 
oxygen is excluded. Were it allowable in the present state 
of our knowledge to generalize, we might be tempted to 
infer that hydrogen, which appears to act an important part 
in the formation of the ammoniacal amalgam, may by its 
combination with the other alkalies, form what we now 
consider as their metallic bases. 

The decomposing effects of the Voltaic battery, naturally 
led Sir H. Davy to consider the principle of chemical at- 
traction, which he refers to the negative and positive agen* 
cies of electricity. He found the neutral state of a variety 
of bodies such as to warrant this conclusion. Zinc, for In- 
stance, he ascertained to be naturally in a positive state, 
and copper in a negative state ; these brought together ex- 
hibit signs of attraction. The same holds with regard to 
oxalic acid and lime, the former being negative and the 
latter positive, hence also their union is clearly understood 
on the principles of attraction. From experiments, united 
with the most intent observations, he assumes that all acids 
are naturally negative; and alkalies, earths, and metals 
positive ; and from the combination of these, result neutral 
salts. 

If sulphate of soda, which is compounded of sulphuric 
acid and soda, and which in its compound state is a neutral 
salt, be brought within the circuit of the Galvanic battery, 
a decomposition will take place, the acid will be attracted 
to the positive, and the alkali to the negative wire. 

On the same principle, the decomposition of water is 
explained; one of its constituents, the oxygen, being nega- 
tive is attracted to the positive side ; and the hydrogen, the 
other constituent, being itself positive, is attracted to the 
negative side. The general law then, as far as it can at 
present be ascertained, is this, that different chemical agents 
have such a relation to Voltaism, that being brought within 
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its influence} some are attracted forcibly to the positive, 
others to the n^ative end of the Voltaic batteries : the 
simple body, oxygen, and those compounds in which it pre- 
dominates, particularly the acids, being attracted to the 
positive side ; while inflammable substances, metals, and the 
compounds in which they appear to have the predominat- 
ing power, as the alkalies, earths, and metallic oxydes, are 
attracted to the negative side. Or in other words, Voltaism 
and Electricity being identical, certain substances, as oxygen 
and the acids, are attracted by positively electrified sur- 
faces, and repelled by those that are negatively electrified : 
while inflammable bodies, metals, metallic oxydes, the 
alkalies and the earths, are attracted by negatively electri- 
fied surfaces, and repelled by those which are positively 
excited. In consequence of this law, if the compound of 
oxygen and an inflammable base, as one of the fixed alka- 
lies, be subjected to the action of the Voltaic battery, 
Plate IV. fig. 7, the oxygen is attracted to the positive end, 
and the inflammable base to the negative. A very able 
abridged account of Sir Humphry Davy's discoveries will 
be found in Mr. now Dr. 1)1 urray's Supplement to the first 
edition of his Chemistry. 

Exp. I. Having gently breathed on the surface of a 
very small piece of potash, place it on an instdated plate^ 
connected with the negative side of a powerful Voltaic bat- 
tery ; when in a state of powerfiil activity, then bring the 
metallic wire firom the positive side of the battery, to tlie 
upper sur&oe of the alkali, and a vivid action will instandy 
take place. Very small globules of potassium will be dis- 
engaged, some of which will explode with a bright flame 
almost at the instant of formation * 

2. Take some of the potassium thus formed, and heat it 
in a small glass vessel of oxygen-gas. A rapid combustion 
will take place, exhibiting a brilliant white flame, and the 
metallic globules will be converted into pure potash. 

3. To acquire some idea of the specific gravity of potas- 
simn, place a few globules in a dry wine-glass, and pour 
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upon them some alcohol, ether, or ni^btha; whm they will 
be seen ascending to the sur&ce of the fluid, being lifter 
than the lightest liquid substances yet known. 

4. If a small portion of potassium be dropped into a 
jar of oxymuriatic add gas, it bums spontaneously, and 
emits a bright red light. The substance formed, in this 
experiment, is a true muriate of potash. 

5. If a globule of potassium be dropped in water ^ it de- 
composes it with great violence : a bright flame is produced, 
and a solution of potash is the result of the experiment. If 
a similar globule be placed on ice, it bums with a brilliant 
flame, and perforates a hole in the solid, which likewise 
contains a solution of potash. 

6. If a globule of sodium is thrown into hot water, the 
decomposition of the water is so violent, that small partidea 
of the me^ are thrown out of the water in a state of inflam- 
mation. 

Since tiiese brilliant discoveries, the attention of the che-> 
mical world has been attracted by the accidental discovery 
in France of a new substance, which is by some regarded 
as a simple body; but by others as an unknown base united 
to oxygen. This substance has obtained the name of lo^ 
dine. It is procured by the following process : — 

Evaporate an aqueous solution of kelp till all the crystal- 
lizable salts are separated, and the new substance- will re- 
main in the ley or mother water* Evaporate this ley to dry- 
ness, and put the residue in a retort, witii sulphuric add ; 
expose it to a gentie beat, to expel any remains of muriatic 
add, and add black oxyde of manganese ; a gentie heat will 
disengage a beautiful violet-coloured gas, which condenses 
in crystals, with metallic brilliancy like plumbago.* This is 
the new substance, the properties of which have been ex- 
amined by Clement and Desormes, Gay-Lussac, Sir H. 
Davy, and otiier eminent chemists. It melts at 158^, and 
volatilizes below the temperature of boiling water. Its spe- 
cific gravity is 4. It combines with metals ; and forms with 
mercury, iron, tin, lead, and zinc, fiisible compounds. These 
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compounds ^when put in water, are decomposed, and evolve 
metallic oxydes. It combines by heat with potassium, into 
a white matter, firom which sulphuric acid sets the new sub- 
stance again at liberty. It also combines with soda and the 
earths. When dissolved in a solution of caustic potash, it 
forms an explosive compound, resembling in its properties 
oxymuriate of potash : it also forms a detonating compound 
with ammonia. Oxygen has no action on it. When it is 
mixt with water, and a current of sulphuretted hydrogen 
is passed through it, an acid is formed, which unites with 
the various salsifiable bases ; but it has not been yet ob- 
tained in the anhydrous state^ except in combination with 
other acids. When the compound with phosphoric acid 
is sprinkled with water, an acid gas is set at liberty, 
which is a compound of iodic add with water. Flrom 
iodic acid united to water, the new substance may be 
again formed, by the addition of black oxyde of roanga^ 
nes^ of nitric, or oxymuriatic acids. The new substance 
is acted on by sulphur and phosphorus, and forms com- 
pounds possessed of peculiar properties. Our limits do not 
admit of a more particular account of this interesting sub- 
stance; but we must refer our readers to the original 
papers in the PhQosophical Transactions, and the volumes 
of Thomson's Annals of Philos<q)hy. Philosophers are 
divided respectmg the nature of this new substance : Davy 
considers it as a simple body, and endeavours to show its 
analogy to oxygen and oxymuriatic add, which he regards 
as simple; while Berzelius and others look upon it as an 
hyperoxyde of a peculiar base, or as a hyperoxyde of 
iodine. 

The works in chemistry, of established authority, are so 
numerous, that it is di£Bcult to make a selection : we shall, 
therefore, refer to but very few ; these will, however, amply 
eluddate its early prindples, and firom them the reader will 
find abundance of references to writers on every branch of 
the subject For the use of the uninitiated, the following 
wBl be found sufiBdent : indeed any one of them will, of it- 
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self, be a good introduction, or guide, to the theory and 
practice of scientific chemistry. 

" Dialogues in Chemistry," in two vols. 18mo. Price 7s. 
by the author of the ** Scientific Dialogues." 

" Conversations on Chemistry, by a Lady," 2 vols. 1 2mo. 
Price 14s. 

<^ The Chemical Catechism ; by Samuel Parkes," I vol. 
8vo. Price 12s. Of which there is an abridgment, by the au- 
thor, in a small volume entitled, << Rudiments of Chemistry, 
&c." Price 5s. 

Of the larger works ; adapted to those who have made 
some progress in the science, we may mention, and re- 
commend to general notice, 

" An Epitome of Chemistry, by William Henry;" which, 
from a very small volume, has grown to two large and 
closely printed octavos, illustrated with numerous plates. 

** A System of Chemistry," in 5 vols. 8vo. by Thomas 
Thomson, M.D. The object of the author of this work 
has been to facilitate the progress of tlie science, by collect- 
ing into one body the numerous facts, which lay scattered 
through a multiplicity of writings, by blending with them 
the history of their gradual development, and by accom- 
panying the whole with exact references to the original 
worksy in which the discoveries have been registered. 

" A System of Chemistry, by J. Murray," in 4 vols. Svo. 
To which there is added a very valuable Supplement, con- 
taining a View of the recent Discoveries in the Science. 
The leading feature of this system, is the attention shown 
to the general doctrines of chemistry, which the author has 
reviewed and iUustrated in as ample a manner as possible, 
under the conviction, that the most important object to 
which the attention of those undertaking its study can be 
directed, is that relating to the principles by which its indi- 
vidual &cts are cdnnected and arranged, because^ without 
an intimate knowledge of these, the science is not acquired ; 
and the acquisition of such knowledge, at once facilitates, 
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and renders more interesting the prosecution of its minute 
details and applications. Also, 

" Elements of Chemistry, by J. Murray," in 2 vols. 8vo. 
3d edition, which contain a veiy able and luminous state- 
ment of the general doctrines of the science, and forms one 
of the best introductions to Chemistry ever given to the 
public. 

" Chemistry applied to the Arts, by M. T. A. Chaptal," 
in 4 vols. 8vo. ; a veiy useful and entertaining work. 

** A Manual of Chemistry, containing the principal 
Facts of the Science, arranged in the order in which they are 
discussed and illustrated in the Lectures at the Royal Insti- 
tution ; a new edition, in S vols. Svo. by W. T. Brande ;*' 
is a very useful, practical introduction to thi^ science. 

<* A Dictionary of Chemistry, on the basis of Mr. 
Nicholson's, in which the Principles of the Science are in- 
vestigated anew, and its Applications to the Phenomena of 
Nature, Medicine, Mineralogy, Agriculture, and Manu&c- 
tures, detailed ; by Andrew Ure, M. D. Professor of the An- 
dersonian Institution, at Glasgow:" is a work of the highest 
merit, exceedingly valuable to the scientific chemist, from 
the new and ingenious views which it gives of a variety of 
subjects relating to this science, and its applications to 
the arts. 

" Elements of Chemistry, &c." by M. Lavoisier, trans- 
lated into English by Mr. Kerr. Notwithstanding the va- 
rious improvements and important discoveries which have 
been made since the death of the illustrious author of these 
Elements, his work will still afford much satisfaction to 
every person who makes this science his pursuit. 
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NATURAL HISTORY. 

Natural History — Mediod of Qafloficatioii — The three kingdoms of 
nature. Minebaloot connected with Chemistiy — Different syteins^ 
vias. that of Pott — Gmelin — Cronstedt — Werner — Brochant 
~- Hauy ~- Brongniart — Rome de Lisle. Explanation of Wer- 
ner's method ^- Authors : Jameson — Kirwan — Hauy — Brochant 
— Klaproth — Aikin. GEOLoot — Plutonic and Neptunian Theo- 
ries. Bakewell. 

JN ATURAL HISTORY, taken in its most extensive sense, sig- 
nifies a knowledge and description of the whole universe, 
and of the several parts of which it is composed. Accord- 
ing to this definition, the science is as extensive as nature 
itself; but in a more appropriate and limited sense, and to 
this we must necessarily confine ourselves, it treats of those 
substances of which the earth is composed, and of those 
organized bodies, whether vegetable or animal, which adorn 
its surface, soar into the air, or dwell in the bosom of the 
waters. In this restricted sense, natural history may be 
divided into two heads : the first teaches us the character- 
istics, or distinctive marks of each individual object, 
whether mineral, vegetable, or animal ; the second renders 
us acquainted with all its peculiarities, in respect to its 
habits, its qualities, and its uses. To facilitate the attain- 
ment of the first, it is necessary to adopt some system of 



Digitized 



by Google 



NATURAL HISTORY. 20S 

classificatioii, in which the individuals, that correspond in 
particular points, may be arranged together : hence, in the 
artificial system of Linnaeus, and other writers on the sub- 
ject, we have species, generoy orders^ dasseSf and kingdoms. 

The grand division of natural objects commonly adopted, 
is into three kingdoms, the mineral, vegetable, and animal 
kingdoms. This division is thought to be perfectly con<» 
sistent with nature, and, at first sight, it appears so clear 
and distinct, as to be ahnost impossibJe to make a mistake 
in referring any particular object to its proper kingdom. 
This arises firom our having noticed only such objects as 
bear evident marks of the division to which they belong ; 
but on more accurate observation, it will be found, that 
there are not only individuals, whose real characteristics it 
is difficult to ascertain, but that there is likewise one whole 
dass of producticms, called xoaphftes by naturalists, which 
seem, as it were, to form the connecting links between the 
different kingdoms. ^' They are animab of the polypus 
kind, mostly covered with a calcareous crust, dififering little 
in composition firom the shells of lobsters, shrimps, and 
other shell-fish, and formed like them firom an exudation or 
secretion, on the sur&ce of their bodies. These polypi are 
connected together by thousands, or even millions, and 
assume a great variety of appearances according to their 
arrangement: the same species, however, always assuming 
the same or very nearly the same ^)pearance. Some are 
connected together in fi^rm of a stem and branches, as the 
flustra^ sertularise, corallines and others; many of which 
have their offspring in the e^*state attached to them, and 
so situated as to bear an exact resemblance to the seed- 
vessels of plants. These are altogether so like to many of 
the searplants, as to be generally confounded with them^ 
under the title of sea^weeds ; but the attentive naturalist 
may, by examining them in their natural state, perceive the 
teutacula or feelers of each polypus extended in its search 
£br fix)d, and hastily retracting within its shell upon the 
least alarm. Many of this description are found attached 
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to oysters or other sbell-fish; and often to stones and 
pebbles, which are 'covered, or occasionally wetted by the 
sea. 

<* Other zoophytes assume less regular figures, and are 
much more firm and solid, resembling the productions of 
the mineral kingdom. Madrepores and millepores, called 
often brainstones, ate of this kind. At first sight they look 
very like stones and pebbles, or like pieces of chalk or 
marble ; but on an accurate inspection, any one may per- 
ceive marks of an organic structure ; and when they are in 
a recent state, may detect the inhabitants of their numerous 
cells." 

Of the three grand divisions of nature, the animal king- 
dom stands highest in the scale; then the vegetable; and, 
lastly, the mineral kingdom. We shall begin with the 
lowest, and ascend to the highest; and we may observe^ 
that minerals differ from vegetables and animals, in being 
produced fortuitously, growing by external secretion, and 
being only capable of destruction by mechanical or che- 
mical force ; while the other two are produced by genera^- 
tion, grow by nutrition, and are destroyed by death. 
While animals and vegetables thus agree in their general 
characters, they also possess features of marked distinction ; 
but they both agree in an origin by generation, growth by 
nutrition, and a termination by death. In an organized 
structure, and an internal living principle, they differ in 
the power with which the living principle is endowed, and 
the effects that it is capable of exerting. In vegetables it is 
limited, as &r as we know, to the properties of mere irrita- 
bility and contractility : in the animal it superadds to these 
properties those of muscularity, sensation, and voluntary 
motion. 

Mineralogy is that science which teaches us the proper- 
ties of mineral bodies ; and by which we learn to charac- 
terize, distinguish, and class them into a proper order. 
It seems to have been in a manner coeval with the world. 
Precious stones of various kinds appear to have been knowr& 
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and valued among the Jews and Egyptians in the time of 
Moses, and the most rude and barbarous nations seem to 
have had some knowledge of the ores of di£ferent metals. 
Mineralogy, as a science, is connected with chemistry, and 
its adyancement to perfection must depend chiefly on its 
aid. The practical mineralogist will not content himself 
with classing the substances connected with his study, ' 
merely by inspecting the outward appearance ; but will dive 
deeper, by decomposing them according to the rules of 
chemistry. This method was prosecuted with considerable 
success by M. J. H. Pott, a celebrated German chemist ; 
whose works, " De Sulphuribus Metallorum," and " Ob- 
servationes circa Sal,'* published about the middle of the 
last century, were very highly esteemed. Pott arranged 
earthy minerals according to their proportions of ingre- 
dients; but his four great classes, are the Alkah'ne, Siliceous, 
Argillaceous and Gypseous. An early death prevented 
this philosopher from extending his inquires to the metals* 
Cronstedt, the Swedish mineralogist, who was some years 
posterior to Pott, greatly improved upon his method. The 
system of Cronstedt was published in 1758, and for twenty 
years was generally received by the scientific world. In 
1 780, a translation of Cronstedt's mineral system appeared 
in Grermany, accompanied with notes, by Werner, the 
Professor of Mineralogy, at Freyberg, in Saxony. Six 
years before, the professor had published a separate treatise 
on the classification of minerals, in which he exhibited 
much skill in a method of describing them by means of 
external characters. Cronstedt divided all mineral sub- 
stances into four classes, viz. Terras, Salia, Phlogistica, 
and Metalla. One of the most striking excellencies of 
Cronstedt's system, is the strict adherence to a fixed prin- 
ciple as the basis of classification ; it is throughout che* 
mical ; and the principles on which the orders and genera 
are founded, are still much followed by chemical mineralo- 
gists. The compound rocks and petri&ctions, which had 
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been included in the mineral system of Lbmeus and others, 
were by Cronstedt described in an appendix. 

The system of Linnaeus, just alluded to, was first pub- 
lished in 17d6, and in an improved edition in 1768; but 
this is rarely referred to, especially since Gmelin's system 
has been given to the world, which was founded, and must 
be regarded as an improvement, upon it According to 
the system of Gmelin, minerals are divided into the five 
following classes. 

L Earths, which include the following orders : — ^Talcose 
— Ponderous — Calcareous — Argillaceous — Siliceous, 
and Adamantine. 

IL Salts, in. Inflammable substances. IV. Metals. 
V. Petrifactions, divided into the Jnimal and Vegetable 
orders. As an introduction to Gmelin's Mineral Kingdom, 
which makes the seventh volume of Dr. Turton's translaticm 
of the Systema Natures, there is an account of all the Mine- 
ralogical Systems, from Bromel, in 1 7S0, to that of Babing- 
ton, in 1796 ; to which we refer our readers for information 
on the subject. Of some of the more important we shall, 
in this place, give the following brief account. 

Werner's method is chiefly, if not wholly followed in 
Germany, and is highly regarded in this and other coun- 
tries. This system was introduced here by Mr. Kirwan, 
in 1 784, who further elucidated it some years afterwards, by 
a new and much enlarged edition of the work. In preparing 
the latter edition, Mr. ELirwan had the advantage of consult- 
ing one of the completest and best arranged collections of 
minerals which had been made in any country. This was 
collected by Leskc, and, after him, is called the Leskcian-col- 
lection. It was arranged between the years 1782 — 1787» 
according to the principles of Werner, and with his assis- 
tance. After the death of Leskc, a catalogue of it was 
drawn up, which is divided into five parts ; the first, which 
is denominated the characteristic part, consists of specimens 
intended for the illustration of the external characters of 
the classification. The second, which is the systematic or 
oryctognostic part, comprehends all simple minerals dis- 
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tributed according to their genera and species, agreeably to 
the method at that time followed by Werner. The next 
is the gec^ostic or geological part, which includes the 
substances found in the difierent kinds of rocks, as they are 
divided into primitive, transition, stratiform, alluvial, and 
volcanic mountains. This part of the collection is very rich 
in petri&ctions* The fourth part is intended to illustrate 
the mineralogy of every comitry on the globe, by exhibiting 
its mineral productions. The fifth part is called the eco- 
nomical collection, and is formed of specimens which are 
employed in the arts and manufitctures, as in architecture, 
sculpture, agriculture, jewelry, dying, clothing, pottery, 
glazing, enamelling, polishing of metals, furnace-buildings 
medicitae, metallurgy, &c. This short account of a very 
valuable collection may be a guide to collectors in the 
science. In France, the mineralogical treatises of Brochant, 
Hauy, and Brongniart may be noticed. The system of 
Brochant is formed on the principles of Werner's Classifi- 
cation, and is thought to be the most perspicuous account 
of the German mineralogy that has yet been published. 
The system of Hauy divides minerals into four classes. 
The first class consists of substances which are composed 
of an acid united to an earth and alkali, and sometimes to 
both. The second class includes only earthy substances, 
but sometimes combined with an alkali : it constitutes the 
siliceous genus of other systems. The third class compre- 
hends combustible substances which are not metals. The 
metals fi>rm the fourth class.- This is divided into three 
orders, which are characterized by their difierent degrees 
of oxydation. Besides these classes, there are three ap- 
pendices. The first contains those substances, the nature 
of which is not sufficiently known to have their places ac- 
curately assigned in the system. The second appendix 
includes aggregates of difierent mineral substances; and 
the third is devoted to the consideration of volcanic [MX)ducts. 
The system of Brongniart includes many substmoes 
which are not treated of by writers on mineralogy, and di- 
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vides minerals into five classes. The first contains those 
substances, excluding the metals, which are combined with 
oxygen : it contains two orders : the first including air and 
water, and the second the acids. The second class treats of 
saline bodies, and comprehends the alkaline and the earthy 
salts. The third class, containing stones, includes the hard, 
the magnesian, and the argillaceous stones. The fourth 
class contains the combustible substances, viz. the compound 
and simple. The fifth class includes metals, which are 
separated into the britde and the ductile. 

We must also notice the system of the celebrated Rome 
De Lisle, who published an excellent work on crystalliza- 
tion, in 1 78S. In it, minerals are divided into three classes : 
the first contains saline crystals ; the second, stony ciystak ; 
and the third, metallic and semi-metallic crystals. He was 
the first, afi^r Werner, who particularly directed the at- 
tention of mineralogists to the primitive form of crystals, 
of which he enumerates the following species. — 1. Te- 
traedron. 2. Cube. S. Octaedron. 4. Parallelopiped. 
5. Rhomboidal Dodecaedron; and 6. Dodecaedron with 
triangular planes. He considered all minerals that agreed 
in their crystallization, hardness, and specific gravity, as 
belonging to the same species. 

His descriptions of the species were the most accurate 
and complete that had been delivered, and contributed more 
to the advancement of oryctognosy, than the writings of all 
preceding mineralogists. 

The system of Werner, as given by professor Jameson, 
b arranged according to the characters of minerals under 
four divisions ; the external, the internal or chemical, the 
physical, and the empirical. To the first belong the cha- 
racters drawn from those properties which are obvious to 
the senses, such as colour, lustre, transparency, form, texture, 
hardness, and specific gravity ; to the second, those which 
are derived fi*om* the chemical composition, or discovered 
by any chemical change which the mineral suffers : to the 
third are referred those characters which are afibrded by 
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certain physical properties, as electricity or magnetism ; and 
to the fourth, a few characters derived from circumstances 
frequently observed with regard to a mineral, as the place 
where it is found, or the mineral by which it is usually ac- 
companied. 

Of these divisions, the external characters are considered 
as the most important, and it is chiefly with regard to them 
diat so much labour has been employed on the language of 
mineralogy. The first property is colour^ which, thou^ 
but seldom highly characteristic, is one of the most obvious 
characters. It varies'frequendy in the same species, and is 
liable to change by very trivial foreign circumstances; it 
alwaysenters, however, into the description. To give precise 
ideas of the different shades of colour, Werner has fixed on 
certain principal or standard colours, to which the subor- 
dinate shades are referred ; defining them by means of a» 
epithet, ather expressive of die intermixture of one of the 
principal colours with the other, or derived firom some sub- 
stance familiarly known, the colour of which is constant. 
The principal characters are white, grey, black, blue, green, 
yellow, red, and brown. Of these are numerous subordi- 
nate colours, as bluish-grey, greyish-black, &c These are 
not always well marked, but incline to, are intermediate, 
or pass into each other. The shade of colour is of different 
intensities, as dark, deqp* light» and pale. Besides these^ 
other varieties are introduced, as dotted, striped, zoned, 
&c. ; and the appearance is varied by scraping the sur&ce, 
afibrding a character called a streak. 

Lustre denotes the relation which a fossil bears to the 
reflexion of the light itora its sur&ce. According to Werner, 
resplendent denotes the highest degree of lustre, which is 
such as to be seen at a considerable distance ; shining is 
applied when the lustre, though perceived at a distance, is 
not so well observed as on a near approach; glistening^ 
when it is perceptible only at a very short distance; glim- 
mering, when some of the minute parts only of a sur&ce 
reflect a weak light; and duUj when lustre is entirely want- 
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ting. Diffisrent kinds of lustre are also marked, as the 
metallic) adamantine, vitreous, waxy, pearly, and resinous. 

Transpareruy is denoted by different degrees and terms: 
transparent is applied where objects can be distinctly per- 
ceived tlirough the interposed substance ; semi-transparent^ 
where objects are seen, but not distinctly, and is only through 
thin pieces; translucent, when light is in some measure 
transmitted, but objects cannot be observed ; opaque, when 
no perceptible light is transmitted ; connected with trans- 
parency is refraction, which, in the greater number of 
minerals, is single, but in some double, the latter giving a 
double image when an object is examined through them. 

Form, the most important, perhq>s, of the external cha- 
racters, includes the figures of their crystals, and the various 
particular shapes which many of them, even in their un- 
crystallized state, often assume. The texture of fossils, as 
discovered by their fracture, affords another and very im- 
portant discriminating character. 'Wk^ fracture may either 
present a surfibce continuous or uninterrupted; or it may 
present a surfiice composed of an aggregation of distinct 
parte, by which the continuity b more or less broken. The 
former is denominated the compact, the latter has been 
termed the jointed fracture ; and each is subdivided into a 
number of varieties. Minerals are likewise discriminated 
by their hardness. The degree of it in a fossil is judged of 
with most certainty by the comparative facility or difficulty 
of impressing it. Four degrees of it are marked by 
Werner ; the hard, in which tlie substance is not aqmble 
of being scratched by the knife, but gives sparks when 
struck by the steel ; semihard, when it does not strike fire 
with steel, and may be scraped by the knife ; soft, when it 
may be easily scraped with the knife, but receives no im- 
pression from the nail ; and very soft, when it is scratched 
by the nail. 

Hauy determines the degrees of hardness according as 
one fossil impresses another. In one division, those are 
placed which scratch quartz ; the individuals belonging to 
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this are arranged as much as possible in die order of their 
relative hardness, so that when placed in a eolomn, each 
will impress those beneath it The second dass are thoee 
which will scratch glass : these are airanged in a similar 
manner. In a third, those which scratch calcareous qmr: 
and in a foorth, those whidi make no impression upon it. 

TenacUy is that property which relates to the cohesion 
of the int^prant particles of solid minerals ; which, existii^ 
in diflbrent degrees, gives rise to the distinctions of brittle^ 
malleable, and the intermediate degree of sectile. 

TheJha^Unlity denotes the fiusilit^ with which aminend 
may be broken* It exists in different degrees, which are 
marked by the common terms of diflSculdy frangible, easily 
frangible, &c. According to the Wemerian system, die 
specific gravity is thus described ; a mineral is said to be 
supemata$Uj whidi is lighter than water, and will swim 
upon its sur&oe : it is called light j when the spedfic gravity 
is between 1. and 2.0: rather heatg^j when the specific 
gravity is between 2.0 and 4.0 : heavyj where it varies from 
4.0 to 6.0: and very heavy, when the spedfic gravity is 
above 6.0. To these external characters are added others 
of less importance, which are derived from properties 
peculiar to a few minerals, such as that of adhering to the 
tongue, soiling the finger, feding hard or unctuous, giving 
a particular streak on paper, giving when struck a peculiar ^ 
sound, feding cold when applied to the tongue, having 
taste, or emitting some perceptible odour. 

With respect to the chemical charBcterSiJusibility is ge- 
nerally determined by the action of the blow-pipe ; as we 
can thus operate on a small fi:agment, and percdve easily 
the appearances presented on fusion. Some minerals are 
perfectly infusible by it; others mdt with facility : some 
fuse with intumescence; others decrepitate or exfoliate 
when urged by the flame, or lose their colour : in some the 
fusion is partial ; sometimes the result is a kind of scoria^ 
in many cases it is a complete vitreous globule, transparent 
or opaque, and of various colours. These appearances are 
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diversified, by adding to the substances various fluxes, as 
borax, and the phosphates of soda ammonia. The acdon 
of acids affords another chemical character of fossils, by 
observing whether they effervesce when touched with the 
acid; or whether, when a small fragment is immersed in it, 
it is partially or entirely dissolved : if the solution is fluid 
or gdatinous ; and what appearances it presents from the 
action of re-agents. Diluted nitric add is generally used 
in these trials. To the characters tak^i from certain 
physical properties are referred the phosphorescence, ekp- 
tricity, and magnetism of minerals. Phosphorescence is 
peculiar to some minerals, and is therefore a property well 
adapted to assist in their discrimination. In some it is 
excited by attrition, more or less strong ; in others, by ex- 
posing them to heat. The electrical state, either positive 
or negative, is excited in some minerals by friction, in 
others by heat ; and iron, in many states of combination^ 
is discovered by its magnetic power. 

In referring to the principal works in the science of 
mineralogy, we should direct the English reader's attention 
particularly to the *^ System of Mineralogy'' by Robert 
Jameson, to whose introduction we have been in part in- 
debted for the foregoing observations. This work consists 
of three volumes octavo, besides an additional ^^ Treatise 
^ on the external Characters of Minerals." The first two 
volumes are devoted to the illustration of the mineral 
system. Each genus is fully described, b^inning with the 
external characters, including. the specific gravity as given, 
frequently, by several mineralogists: — then the constituent 
parts and chemical characters according to the most ac» 
curate analyses made as well on the continent, as in this 
country : — then follow the physical characters, the Oeo-- 
gnostic and Geographic situation : after which are described 
the uses to which the mineral is applied, and the methods 
adopted to render them best adapted to use. These 
volumes therefore contain a full illustration of the Orycto- 
gnostic system of Werner. The third volume^ which was 
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published some years after the others, is devoted to the 
science of Geognosy. It contains a statement of the best 
ascertained &cts respecting the aspect of the surface, and 
the structure of the crust of the earth. 

To the volumes of Jameson, we shall add the titles of 
other works, to which Mr. Jameson has referred, with 
ranch applause, and which will obtain a place in the library 
of every Mineralogical student : 

" Cristall(^raphie, ou Description des Formes Propres 
a tous les Corps du Regne Mineral, par M. de Rom^ de 
Lisle." 4 torn. 1783. 

** Elements of Mineralogy, by Richard Kirwan, Esq. 
J 794 and 1 796." 2 vols. 8vo. 

" Traits de Mineralogie, par PAbb^ Hauy," 4 tom. 1801. 

^ Traits El^entaire de Mineralogie, suivant les Prin- 
cipes du Professeur Werner, Conseiller des Mines de Saxe, 
par J. A. Brochant." 2 tom. 1803. 

Klaproth's ** Analytical Essays," 8cc. : and his " M^ 
moires de Chimie, contenant des Analyses des Min^raux, 
traduit de I'Allemand, par B. M. Tassert," in 2 vols, are 
. excellent works. 

In our own language, the work last published on the 
subject, and particularly adapted to persons entering upon 
the science, is : 

** A Manual of Mineralogy, by Mr. Arthur Aikm," 
which includes the substance of some Lectures delivered 
before the members of the Geological Society of London. 
The author of this small volume says, the first object of 
the mineralogical student is, or ought to be, the acquisition 
of a &cility in identifying every mineral substance that 
presents itself to his notice; and he observes, that the cha- 
racters of minerals are taken either from those properties 
that are immediately obvious to the senses — or from those 
which require for their manifestation the assistance of ap- 
paratus and re-agents, for the most part very simple and 
easy of application. Most of these have been already de- 
scribed; but Mr. Aikin's observations on what he calls the 
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last set of characters, or those derived from the use of the 

blow-pipe, are well deserving the notice of the practical 

mineralogist. 

Mr. Aikin says, that the Wemerian arrangement, with 
all its excellence, is by no means calculated finr the use of a 
learner, so situated as to be obliged to depend on books 
and his own industry, with such specimens as he can him^ 
self procure from the rocks in his vicinity : and with r^ard 
to some modem systematic authors, he says, it should be 
borne in mind, that they are also teachers of mineralogy, 
and amply fiimished with specimens and all other aids : 
most of the first mineralogisU of Europe have proceeded 
from theur schools ; they have had ample practical, proof of 
the efficacy of their mode of instruction, and would naturally 
therefore be led to discourage, or at least to take no pains 
in facilitating^ the progress of the solitary student, who, 
whatever be his abilities, and whatever be his industry, 
must long feel his inferiority to one who has been educated 
in a regular school of the science, enjoying the advantage 
not only of books, but of living instructors ; of well fur- 
nished cabinets, and of that encouragement and emulation 
which can only be duly excited, in scientific as well as in 
other pursuits, by the support of companions and the op- 
position of rivals. 

** Under these circumstances, it becomes veiy desiraUe 
that some new attempt should be made to construct* an ai^ 
rangement, whether natural or artificial is of little oonse^ 
quence, which by enabling the unassisted student to identify 
species, may thus introduce him to the published systems, 
at least of those eminent professors to whose works and in- 
structions the science is so deeply indebted." 

Mr. Aikin's synopsis of the mineral kingdom is divided 
into four Classes, as follows : 

Class I. Includes Non-Metallic ccHnbustible Minerals, 
which are divided into those that are combustible with and 
Ufiihaia flame. 

II. Native Metaki and Metalliferous minerals, which are 



Digitized 



by Google 



MINERALOGY*. 215 

divided into two orde^ : (1.) Those that are volatilizable 
wholly, or in part, by the blow-pipe, on charcoal, into a 
vapour which condenses in a palverulent form on a piece of 
charcoal held over it. (2.) Those that are fixed and not 
voladlizable, except at a white heat 

III. Earthy minerals are divided into three orders : the 
^rst includes those that are soluble, either wholly or in con- 
siderable proportion, in cold, and moderately dilute muriatic 
acid : the second, the fusible before the blow-pipe : the 
third, those that are infusible before the blow-pipe. 

IV. Saline minerals, included in two orders: viz. (1.) 
Those^ which, when dissolved in water, afford a precipi- 
tate with carbonated alkali. (2.) Those that do not a£R>rd 
a precipitate with carbonated alkali* 

We must not put an end to this chapter, without observ- 
ing that mineralogy, which we have made a leading division 
in natural history, has sometimes been regarded as a mere 
branch of Geology : by such, the science of geology is con- 
sidered as that branch of natural philosophy, which treats 
of the structure of the earth, in regard to its origin, com- 
position, and the decomposition of its solid contents. Since, 
however, the time of Werner, Mineralogy has been gene- 
rally made to include Geology ; and to prevent confusion, 
the word Geognosy has, by some persons, been invented to 
supply its place : but Professor Jameson, who has devoted a 
volume to Geognosy, admits that the word Geology, is of 
a more extensive signification ; ^* for the word Xdyo;," he 
says, *' comprehends the whole science or rationale of any 
subject, and therefore. Geognosy is only a branch of 
Geology.** The object of Geology is to unfold the struct 
lure of the globe, to discover by what causes its parts have 
been arranged ; fi*om what operations have originated the 
general stratification of its materials, the inequalities with 
which its surface is diversified, and the immense number of 
different substances of which it is composed. 

Without entering much into the subject, we may briefly 
touch on the leading controversy which exists with regard 
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to this science. It is generally admitted, that the shell of 
the globe has, at some period, been in a state of fluidity, 
. whence it has taken its present arrangement. The only two 
causes regarded as competent to such an e£fect, are the 
operations of fire, or those of some solvent : it is then a 
question of much difficulty to ascertain by which of these 
means this effect has been produced. If a solvent has been 
the cause, that solvent must have been water, for there is 
no other fluid in nature in sufficient abundance, to have 
acted the part of a solvent upon so large a scale. 

Hence two distinct theories arise, founded upon these 
questions : Is the present structure of the solid contents of 
the earth, so far as it is capable of examination, the result 
of igneous fusion, or of aqueous solution ? Is the Plutonic or 
the Neptunian system founded on the stronger basis ? —The 
Plutonic theory was first started in modem times by M. 
Bufifon, but its defenders are now chiefly confined to our 
own country; and consist of Dr. Hutton, Professor Play- 
fair, and Sir James Hall, who are powerfully opposed by 
the equally respectable authorities of Werner, D© Saus- 
sure, and Kirwan ; and it ^^ly be added, that the general 
opinion is much in favour of the Neptunian theory, or that 
entertained by the last-named philosophers. These theories 
have been discussed in the notes to Mr. Jameson's third 
volume, to which we have already referred. 
/ In addition to the works noticed as strictly mineralogi- 
/ cal, the following is well deserving the student's attention : 
" An Introduction to Geology, illustrative of the general 
/ Structure of the Earth, comprising the Elements of the 
; Science, &c by Robert Bakewell." According to this 
author, the knowledge of the structure, composition, and 
arrangement of the materials^ which form mountains, rocks, 
or strata, constitutes the^rst part of geology. In the second 
part is included the direction, structure, and extent of the 
mineral dykes and metallic veins by which they are inter- 
sected. The changes which are taking place on the sur- 
face of the globe by the agency of inundations, earthquakes. 
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and volcanoes, make the third part And iht fourth part, 
or speculatiye geology, is chiefly confined to an investigation 
of the causes that have probably operated in the formation 
of rocks and mountains, and also those by which the re. 
volutions in the earth's surface have been subsequendy af- 
fected* Mr. Bakewell's work is illustrated with plates, and 
he has devoted a long chapter to the Geology of England, 
which he concludes by observing, that <* there are few ex- 
tensive estates, whose value would not be greatly increased 
by a correct knowledge of the mineral substances that they 
contain. The well known maxim of Lord Bacon, that 
knoaHedge ispowery is particularly applicable to this subject; 
for, as Sir John Sinclair has justly stated, a knowledge of 
our subterranean wealth, would be the means of furnishing 
greater sources of opulence to the country, than the acqui- 
sition of the mines of Mexico or Peru." 
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NATURAL HISTORY, Continued. 



Botany. Parts of a plant described — Root — Body, viz. Trunk — 
Leaves — Fulcfara -— Buds. Flowers — Fructification — Calyx — 
Corolla — Stamina — PistiUa — Pericarpiiim — Capsuk — Seniina 
— Receptaculum. Classification of plants — Systems — Classes, Or- 
ders, Genera and Species — Linnseus' artificial system — Classes and 
orders — Jussieu's natural system. 



J3oTAVY is that branch of natural history, which relates 
to what is called the vegetable kingdom, tlie second of the 
three grand assemblages into which all terrestrial objects are 
divided. As a science, it is not confined to the description 
and classification of plants, but comprehends many other 
important particulars, some of which are the following. 

I. The description, or nomenclature of the several parts 
of a plant which are externally visible. Every plant is 
composed of several parts, which difier firom each other in 
their outward appearance : many of these are themselves 
compound, and obviously capable of being divided into 
subordinate parts. The first great division, adopted by 
most botanists, is into the root, the body of the plant, and 
the fructification. 

The root^ accordin to Linnaeus, consists of the radide 
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and the descending caudex. The radicle is that fibrous 
part which draws nourishment from the earth, and in many 
phints constitutes the whole root. The descending caudex 
is properly part of the stock, or body of the plant, which 
extends itself below the surfiu^e of the ground, as the as- 
cending caudex rises above it. 

Roots are divided, according to the term of their dura* 
tion, into annual, Inennial, and perennial. The annual^ 
biennial^ and perennial ; the two former produce flowers 
and fruits only once, and then soon die ; the annual paas 
through all the stages of vegetable life in one season : the 
biennial throw out leaves the first year, but do not com* 
plete the fructification till the next The perennial root 
has within itself a principle of continued life, and gives 
being to new flowers and seeds, year after year, for a con- 
siderable length of time. 

The body of the plant springs firom the root, and is ter- 
minated by the fiructificaticm : it consists of the trunk, the 
leaves, the fiilchra, props or supports, and the hybemacula 
or buds. 

The trunk bears both leaves and flowers, as the trunks 
and branches of all trees and shrubs, as well as of many 
herbaceous plants. By its means the organs of plants are 
raised to a fit height above the ground, and presented in 
various directiims to the atmosphere and light. In germi- 
nation, it always takes a contrary direction to the root. 
As it advances in growth, it is either able to support itself 
or it twines round, or adheres to other bodies. The trunk 
or stem is variously formed in difierent plants, but our 
limits do not allow us to enter into particulars. 

The leaves are not absolutely necessary to alt plants, for 
on some occasions the stems perform the function of the 
leaves. They are generaUy so formed as to present a large 
surfoce to the atmosphere ; when they are of any other hue 
than green, they are said to be coloured. Their duration 
is for the most part annual, but in some trees and shnibs 
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they survive two or more seasons, and such pkmts being 
always in leaf are denominated ever^ireens. 

Leaves have a natural tendency to present their upper 
surface to the light, and turn that surfiure towards it in 
whatever direction it is presented to them. When trees in 
leaf are nailed to a wall, and the position of their leaves is 
consequently disturbed, they soon recover their natural di- 
rection. Light evidently acts as a wholesome stimulus to 
their upper surfaces, and as a hurtful one to the under. 
When the latter is forcibly presented for a long period to 
its rays, destruction is the consequence. Leaves seem to 
require occasional repose from the action of light on their 
upper surface ; for, when it b withdrawn from them, many 
leaves dose or fold themselves together, as if in a state of 
relaxation, and spread themselves forth again at the re- 
turning beams of the morning. This is more especially 
the case with vnnged leaves, as those of the pea kind. 
Those of the white acacia, robinia, pseudoacacia, have been 
remarked by Bonnet, to be over-excited by the sun of a very 
hot day, and to fold their upper sides together, in a manner 
directly contrary to their nocturnal posture. The effect of 
moisture upon leaves, every one must have observed. By 
absorption from the atmosphere, they are refreshed; and 
by evaporation, especially when separated from their stalks, 
they soon &de and wither. Aquatic v^etables, whose 
leaves are immersed in the water, both absorb and perspire 
with peculiar &cility. Anatomical investigations have shown 
that the nutritious juices, imbibed from the earth, and be- 
come sap, are carried by appropriate vessels into the sub- 
stance of the leaves. Knight, in his piq)ers in the Philo- 
sophical Transactions, has demonstrated that these juices 
are returned from each leaf, not into the wood, but into the 
bark. Hence the theory o{ vegetation has been established. 
It appears that the sap is carried into the leaves for the 
purpose of being acted upon by air and light, with the as- 
surance of heat and moisture. By all these agents a most 
material change is wrought in its component parts and 



Digitized 



by Google 



BOTANY- 221 

qualities^ differing widely according to the diversity of the 
species. Thus the resinous, oily, mucilaginous, saccharine, 
bitter, acid, or alkaline secretions, are eUborated. The 
heedless observer of a leaf is little aware of the wonderfid 
operations constantly going on in its delicate substance; 
nor can the most enlightened philosopher explain more 
tlian a very small part of the chemical processes of which 
it is the immediate agent It is scarcely necessary to ob* 
serve how materially plants differ in the flavour and quali- 
ties of their leaves, all which must depend in a great mea- 
sure on Ae operation of the leaf itself; for the common sap 
of plants, firom which all their secretions are made, difiers 
very little in plants, whose qualities are very unlike to each 
other ; those qualities depending upon the secreted fluids 
elaborated principally by the leaves. 

Leaves are subject to a sort of disease^ by which they 
become partially spotted or streaked with white or yellow. 
In this state they are termed variegated, and occasionally 
contribute to the ornament of our gardens. The whitenesa 
frequendy extends to the leaf-stalk, and sometimes to the 
branch, as may be seen in the variegated elder. Such va* 
rieties are propagated by cuttings, layers, or roots, but not 
by seed. They appear to be somewhat more tender than 
the plant in its natural state. One variety of the holly has, 
in addition to a yellow variegation, a beautiful tinge of 
purple; but tiiis is a rare instance. lu the amaranthns 
tricolor, the leaves are naturally adorned with most beau- 
tiful and splendid colours ; and in some other species of the 
same genus, with more uniform and less vivid tints. 

The irritable nature of some leaves is remarkable, not but 
that all leaves may truly be said to. possess irritability with 
respect to light. The phenomena, however, to which we 
now allude, are of the most striking kind. The sensitive 
plant, mimosa-pudica, common in hotrhouses, when touched 
by any extraneous body, folda up its leaves one after an- 
other, while their foot-stalks droop as if dying. After a 
while they recover themselves again. TSmIi leaf of the 
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dionoea muscipula, or Venus's fly-trap^ is furnished with a 
pair of toothed lobes, which, when touched near the base, 
fold themselves together, and imprison any insect that may 
be in their way. It is presumed that the air evolved by 
the body of the dead insect^ may be wholesome to the plant; 
for leaves are known to purify air impregnated with carbo- 
nic acid gas, produced from the breathing of animals, or 
the burning of a candle. The sarracenia, of which several 
species from America are now cultivated in our more cu- 
rious gardens, bears tubular leaves, which retain water in 
their hollows, and imprison insects, whose putrifying bo- 
dies evidently produce a quantity of bad air ; and analogy 
leads us to suppose that the air is destined to be serviceable 
to the constitution of the vq;etable. See Dr. Smith's In- 
troduction. 

There are various appendages to the herbage of plants, 
all of which are comjHrehended by Linnaous under the term 
JUcra^ preps, or supports ; which term, in its literal signi- 
fication, applies to very few of them : they may be thus 
enumerated in short. StipuUtj a leafy appendage to the 
true leaves, or to their stalks, for the most part in pairs, 
more or less constant even in the same genus or species : 
in roses they are invariable; in willows very much the 
contrary. Bractea; tiiis is a leafy appendage to the flower 
or stalk, very conspicuous in the lime-tree. Spinoj a thorn, 
proceeds from the wood itself as in the wild pear-tree, 
which loses its thorns by cultivation. Aadeusj a prickle, 
proceeds from the bark only, having no connexion what- 
ever with the wood, as in the rose and bramble. Prickles 
are not eflhoed by culture. Cirrus, a tendril, is intended 
as a support for weak stems, by which they are enabled to 
dimb rocks, or the trunks of lofty trees. Thus vines, pas- 
sion-flowers, and vetches, are elevated to a considerable 
height above the ground. Glandula, is a smaU tumour 
secreting a sweet, resinous, and sometimes fragrant liquor; 
as on the calyx of the moss-rose, the foot-stalks of passion- 
flowers, and the leaf of the salix pentandria ; which lost 
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being pressed between paper, leaves the impression of an 
elegant row of yellow dots. PiluSy a hair, which includes 
aU the Tarions kinds of pubescoioe; bristles, wool, 8u;., 
many o( which are curious objects for the microscope. 
Some of these bristles discharge a poison, as in the netde, 
causing a great irritation, whenever they are toudied in 
such a manner as for their points to wound the skin^ 

Buds have a great analogy to the bulbs and knobs of the 
roots of herbaceous plants. In these the vital principle is 
latent till a proper season for its evolution. For this reason^ 
buds are essential to the trees and shrubs of cold countries^ 
and are formed m the course of the summer in the bosom 
of their leaves. In most cases they are guarded by scales 
furnished with gum, or a woolliness, as an additional de- 
fence. Plants are propagated by buds as readUy as by 
roots. Those of one tree may be engrafted on the bark of 
another of the same species, by which means many valuable 
varieties are multiplied. 

The various modes in which Jlowers are situated upon, 
or connected with a plant, are of great botanical import- 
ance^ not only for specific distinctions, but as leading to a 
knowledge of natural families or orders. In the Linnaean 
system, they do not enter into the generic characters of 
plants ; these are founded on the seven parts of fiructifica^ 
tion, which will be shortly described. The following is a 
brief account of the several kinds of efflorescence. 

VerticiUuSf a whori^ in which the flowers surround the 
stem, in a garland or ring ; sudi is the flower of the dead 
nettle, lamium, &c. SacemuSf a cluster, bears several 
flowers, each on its own stalk, loosely ranged along cme 
common stalk, like a bunch of currants. Spicoy b com- 
posed of numerous crowded flowers along an upright com« 
mon stalk, of which wheat and barley afford good examples* 
Spicula is a term applied only to the grasses. Corymbus is 
a flat-topped spike, the long stalks of whose lower flowers 
raise them to a level with the uppermost, or nearly so ; this 
b exemplified in the cabbage and wall-flower. Fasciculus^ 
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a close bundle of flowers, on litde stalks, level at the tap^ 
as in the sweet-william. Capittdum^ a head or tuft,- is com* 
posed of numerous flowers, collected in a globular form, as 
the thrift. UmbeUa consists of several stalks called rays, 
spreading from a common centre, like an umbrella; ex- 
amples of this may be seen in the parsley, carrot, and 
hemlock. Cyma consists of stalks springing from a com- 
mon centre, but which are afterwards irregularly subdi« 
vided, as in the laurustinus and alder. Panicula is a loose 
subdivided bunch of flowers arranged without order, as in 
the oat. ThfTSuSj a bunch, is a very dense panicle, as, ac- 
cording to Linnaeus, the lilac and butter-bur, and Dr* 
Smith adds to these a bunch of grapes. 

Under the term JrvctificaHon, are comprehended not 
only all the parts of the fruit, but also those of the flower, 
which last are indispensable to the perfecting of the former. 
The parts which constitute these essential organs, are as 
follow : 

1, The cabfXj or flower cup, or external covering of the 
flower. Of these there are seven kinds. (1.) Thej^erian- 
ihitmt or calyx, properly so called, when it is contiguous to 
and makes part of the flower, as the five green leaves which 
encompass the rose. (2.) The irwohurum^ which is remote 
from the flower, as in the umbeliferous tribe. (3.) The 
amentum, a catkin, formed of numerous scales, attached to 
the receptacle, and falling o£P with it : in catkins which 
bear seed, the scales are often enlarged into a cone, as in 
the fir. (4.) Spathe a sheath, is remote from the flower, as 
in the snow-drop. (5.) Gkmoj a husk, to which belongs 
the arista or awn, which is not constant in the same species 
of grass or com. A veiy elegant featheiy awn is seen in 
the sdpa pennata, feather-grass. (6.) Perichatiumf a scaly 
sheath, investing the fiuit-stalk in some mosses, as the 
hypnum. (7.) yolva^ the wrapper of the fimgus tribe, which 
shelters the fructification, as in mushrooms, or investing 
the base of their stalk, as in many fungi. 

2. Corolla^ the generally coloured leaves of a flower. 
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alirays situated within the calyx, when both are present, 
this term comprehends both the petals and the nectary. A 
flower consists aiane petal, denominated monopetalous ; or 
of many, called polypetalous. Monopetalous flowers are 
either campanulate, funnel-shaped, salver-shaped, wheel- 
shaped, ringent, like the mouth of an animal, or personate, 
closed by a palate. The petal consists of a tube and limb. 
Polypetalous flowers are either cruciform, as in the com- 
mon wallflower; rosaceous; papilionaceous, as in the pea ; 
or incomplete, when some parts are wanting. The parts 
of polypetalous flowers, are the elaw and the border. Ac- 
crording to the systems of Botanists, neither the calyx nor 
corolla is indispensably necessary to a flower. Both are 
irancing in the hippuris, and one or other is d^cient in 
many genera. Hie nectary is frequently a part of, or an 
appendage to the corolla; sometimes the petal itself secretes 
hon^, sometimes a set of glands performs this function ; 
and in other cases, there is a peculiar petal-like apparatus 
for preparing and preserving the nectarious juice. The 
peculiar use of the honey is to attract insects to promote 
the impregnation of the flower. 

S. Stamina^ or stamens, are situated within the corolla^ 
and are various in number, in difierent flowers, (tcm one 
to several hundreds. These are the essential organs of 
impregnation. A stamen usually consists of Ha^Jilament 
and anther^ the latter of these only is essential. Its most 
common shape is oU<xig, composed of two cells, which 
burst by a longitudinal fissure on the outside. The cells 
of the anther are destined to contain die pollen or dust, 
which appears to the naked eye like a very fine [k>wder : 
but when examined by means of a microscope, it is fre- 
quently found to have a very pecidiar structure in different 
plants. It is mostly discharged in dry and sunny weather ; 
or it adhares to the rough bodies of insects, as Aqr fre- 
quent the flowers in seardi of honey. Eadi grain of pollen 
continues entire, so long as it is diy ; being a little mem- 
branous bag, so constructed as to burst when it n^eets with 
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moisture, discharging a fine elastic vapour, which is the 
effective part of the pollen. The stamina are liable to 
be obliterated when the plant increases much by the root, 
they are then metamorphosed into petals, in what are called 
donble flowers. 

4. PistiUa. These pistils are also essential parts of a 
flower, usually . standing within the circle formed by the 
stamens in the very centre of it, but sometimes they, are 
placed in a different individual in the same species. That 
furnished with stamens being called the male, or barren 
blossom ; — that with pbtils the female, or fertile one. Each 
pistil consists of three parts, the germen^ or rudiments of the 
future fruit or seed : the styUy which is not universal; and 
the stigTHOf which is the part destined to receive the poUen, 
and being furnished with its own appropriate moisture, to 
make that substance explode. By xhis means the seeds 
within the germen are rendered fertile. Pistils, as wdl as 
stamens, are occasionally obliterated or changed into petals. 

5. The pericarpiuniy or seed-vessel, is formed of the ger- 
men enlarged, and is not an essential part; for many plants 
have naked seeds, guarded only by the permanent parts of 
the flower. Some seed-vessels remain closed while they 
are moist, and split open with a considerable elastic force 
when ripe and dry : some serve for the food of animals, by 
whose means they are transported to a distance: others 
make their wiay into the ground, by some pecuUar apparatus 
near the spot were they are produced, while others are waft- 
ted by the winds, or transported by the waters, to far distant 
situations. There are several kinds of seed-vessels with 
different names, as 

(1.) The capsule^ exemplified in the datura, or thorn- 
apple. (2.) The siliqua, which is of two kinds; these are 
exemplified in radishes, wall-flowers, &c., and also in 
honesty, shepherd's purse, and candy-tufL (5.) Legume^ 
is the fruit of the pea, and other butterfly shaped flowers, 
as the lupine, broom, &c. (4.) The dn^a is a stone-fruit, 
like the peach and cherry. (5.) Pomum^ an apple, contains 
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a capsule of several cells in a fleshy coat (6.) Bacca, a 
berry, contatning one or more seeds lodged in a pulp, as 
the gooseberry and currant. Some berries are compound, 
as the raspberry ; others are spurious, the pulp originating 
from some part not properly belonging to the fruit, as the 
criyx in the mulberry, and the receptacle in the strawberry : 
and (7.) The StrobibtSy a cone, originates from a catkin, 
becomes hardened, and is enlarged into a compound seed* 
vessel, as in the fir, birch, &c. 

6. Semina^ the seeds, are the most essential parts of fruc- 
tification, being those to which all the others are subservient. 
The seeds are composed of several parts, of which the most 
important is the embryo^ or germ ; Linnaeus calls it corcu^ 
lum, a little heart, in allusion to its shape in the walnut ; 
in which, and also in the bean, and other leguminous plants, 
it is readily observed. It is generally lodged within die sub- 
stance of the seed, except in grasses. The cotyledons, or 
seed-lobes, are intimately connected with the embryo, and 
are two in number ; but in the fir genus they are more nu- 
merous. When the seed has sent its root into tlie ground, 
these organs geinerally rise aboye the surface, and perform 
the functions of leaves till the proper foliage is produced. 

Seeds are often accompanied by certain appendages or 
accessory parts, of which the chief are as follows; ( l.)Pappus9 
the seed-down, is the feathery or bristly crown of several 
seeds that have no seed-vessel, as in the dandelion, thistle^ 
&a (2.) Cauda^ a tail, is an elongated appendage to seeds, 
originating from the permanent style. It is generally fea« 
thery, as in the clematis, or virgin*s bower. (3.) May a 
wing, is a dilated membranous appendage, serving to wafl 
seeds along in the air. To these may be added various 
spines, hooks, scales, and crests, serving in many cases to 
attach such seeds as are furnished with them, to the rough 
coats of animals, and so to promote their dispersion. 

7. Receptacuhm^ the receptacle, is the common base or 
point. of connection of the parts of fructification ; and must 
exist in all <»ses,. m some form or other. It comes chiefly 
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Into notice when it assumes any particuliar form» as in com- 
pound flowers, the dandelion, daisy, and thistle. The re- 
ceptacle of the seeds is a term used for the part to which 
£tu^ are attached in a seed-vessel. 

Classification (^Plants. In endeavouring to class plants, 
a number of systems have ht&a ini^ented by learned men, 
of different countries. The resemblances or affinities of 
plants have been thought sufficieit to enable botanists to 
arrange them by their external characters, and this arrange- 
ment has been called a natural system. Others have found- 
ed their systems on the number, proportion, and relation 
of minute, and not very obvious parts, and this arrange- 
ment has been denominated an artificial system ; andoChen 
have selected the sexual characters, and founded their 
system on the number and variety of such organs. This 
is the sexual system. 

Every system in Natural History contwis certain divisions 
and subdivisions, which are denomiuBt&i doss, arderfgenuf, 
species^ and variety. When a particular character is found 
to be common to many plants, such plants constitute a clas^ 
In the system of Tournefort, the petals; in that of Ray, 
iSoAjrtdt ; and in that of Linnasus, the stamina, fiimisli 
classic artificial characters. 

Should some of the plants in <me class, independently of 
the particular character, agree in some others of an inferior 
description, they create an order. The orders in Toame- 
fort*s system are founded on the fruit; those in Linn«is» 
on the number of styles, or female oigans. A particolar 
enumeration of the latter is subjoined, a littie fitfth^ on, to 
the respective classes. It will be seen that the names of the 
ordcr8,,as well as those of the classes, are of Greek origin, 
and significirtive of the character of the orders to which 
tiiey arc appUed. The names of tliese oiders are often the 
same in diflerait classes, because the same idea pradomi- 
nates in their institution. 

J!l^!r ^^''''^ P«w«»ing die double chaiMtecs of dass 
«<t order, are foxmA also to exhibit, .among themselves, 
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some Gomiiion distinctive marks, they create agenm^ Each 
of the phuits ia a getius is named a species : and a varietif is 
a species difiering from the rest, in colonr, sixe, or some 
accidental circumstances. A genus then, is an assemblage 
of several species; that is, of phmts that resemble cme 
another in their most essential parts : and has been com- 
pared to a fimiily, all the members of which bear the same 
surname^ tfaoogh each individual is distinguished by a par- 
ticular specific name. An order includes many genera, and 
a doss several orders. 

We shall not pretend to enumerate all the botanical 
systems that have beoi invoited, and that have at various 
periods been popular, and had many adherents. The two 
systems, that at present divide the botanical world between 
them, are the artificial one of Linnaeus, and the natural one 
of Jussien. These, according to Dr. Smith, are not rivals, 
but allies and nmtual supports. Plants are so numerous, 
and those parts upon which all systems depend, so liable to 
variatioDS and irregularities, that neither the TiinnsEian 
system, nor any other artificial system can conform to them 
all with sufildent precision to be in any degree infallible. 
Again, every natural system is necessarily so incomplete 
for want of a perfect knowledge of all the phmts in the 
world, and of their mutual dependencies on each other, as 
well as of the best possible manner of defining and charac- 
terizing the classes and orders in which human contrivance 
is obliged to dispose them. But the two methods used in 
conjunction eminently assist each other. If a new plant 
cannot be made out by artificial marks, its affinity may be 
guessed at in the natural system. 

The Lannsean system is founded, as we have observed, 
on the number, situation, and proportion of the essential 
organs of impregnation termed stamens and pistils There 
are twenty-four classes, which chiefly owe their distinctions 
to the stamina; the orders are generally marked by the 
number of pistils, or by some other circumstance equally 
inldU^ble. The Mlowiog Uble gives the name of the 
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Classes. 



clAsses, and of the several orders which are incladed in eacb 

class. 

Orders. 

including Monogynia— Digynia. 

■ Monogynia— Digyma ^Trigynia. 

— — Monogynia — Di^gmia — Tiigynia. 

Monogynia — Digynia — Trigynia — Tetra- 

gynia. 



Monandria 
Diandria 
Triandria 
Tetnindria 



5. Pentandria 



6. 

7. 

8. 

9. 
10. 

11. 

12. 

13. 



14. 
15. 
16. 



Hexandria 

Heptandria 

Octandria 

Enneandria 
Decandria 

Dodecandria 

Icosaadria 

Polyandria 



Didynamia 
Tetradynamia ■ 
Monadelphia < 



17. Diadelphia 



18. 
19. 



20. 
21. 



Polyadelphia 
Syngenena 



G3mandria 
Monoeda 



22. Dio«cia 



-^ Monogynia— Digynia— Trigynia— Tctra- 
gynia — Pentagynia — Decagynia — Po- 
lyg3mia. 

— MonogymsL — Digynia — Trigynia — Te- 

tragynia — Polygynia. 

— Monogynia — Digynia — Tetragynia — 

Heptagynia. 

— Monogynia — Dygnia — Trigynia — Tetra- 

gynia. 

— Monogynia— Trigynia — Hexagynia. 

— Monogynia — Digynia — Trigynia — Pen- 

tagynia. 

— Monogynia ^~ Digynia — TV^gynia — Te- 

tragynia — Pentagynia — Dodecs^Tnia. 

— Monogynia — Digynia — Pentagynia — ^Po- 

lygynia. 

— Monogynia — Digynia — Trigyma — Te- 

tragynia — Pentagynia — Hexagynia — 
Polygynia. 

— Gymnosperaiia — Angiospermia. 

— Siliculoso — Siliquosa. 

— Triandria — Pentandria — Heptandria — 

Octandria — Decandria — Endecandria 
— ^Dodecandria — Polyandria. 

— Pentandria — Hexandria — Octandria — 

Decandria. 

— Pentandria — Icosandria — Polyandria. 
-^- Polygamia aqualis — Polyganiia superflua 

— Polygamia firustranea — Polyganiia ne- 
cessaria — Polygamia segregata. 

— Diandria — Triandria — Hexandria — Do- 

decandria. 

— Monandria — Diandria — Triandria— Te- 

trandria — Pentandria — Hexandria — 
Polyandria. 

— Monandria — Diandria — Triandria — Te- 

trandria — Pentandria — Hexandria — 
Octandria — Enneandria — Decandria 
Dodecandria — Isocandria — Polyandria 
— ^^Monadelphia — Gynandria. 
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23. Polyganu a — — Monoeda — Dioecia ^ Trioecsa. 

24. Cryptogamia Fllices — Musci — Hepaitics — Algce — 

Fungi. 

The magnifioent natural order of palms was placed by 
Liiiuueus asan appendix tx> this sexual system, because their 
parts of fructification were then not well known; but they 
are now so completely understood, that the plants are 
easily reducible to the regular classes of the Linnaean sys- 
tem. Palms have been denominated the princes of the ve- 
getaUe kingdom, and are remarkable for their lofty growth, 
and their simple stems, crowned with ever-green leaves 
and abundant fruits. Among them are the date and cocoa- 
nut. Some supply whole nations with oil for food, or 
economical uses, from their fixiits: with wine from the 
juices of their stems, or with cordage from its fibres. 

The classes respectively refer to the number of the star 
^nens, or male parts, as far as class 13, inclusively, and 
afterwards to their position. The orders are denomi- 
nated fix)m the number of the pistik, or female parts, 
as &r as to class 13, inclusively ; and afterwards from some 
other circumstance of a different description, selected to 
constitote an ordinal character, such as gymnospermic, or 
with naked seeds ; angiospermic, or with seeds in a peri* 
carp, siliculous, or with seeds in a pod. Sometimes, and 
very frequently, the order is derived from the number of 
the males, male parts or anthers ; the class embracing such 
orders, being denominated from their position, peculiar 
junction with, or diqunction from the females. And some- 
times it is denominated firom other characteristics of a dass, 
where the dass in question is marked by a characteristic of 
a diiSerent kind. Thus the term polygamia, which consti- 
tutes class 23, serves, with various trivial and additional 
names, for several orders under class 19, or syngenesia; 
while again, the terms monoecia and dioecia, which desig- 
nate classes 21, 22, are adopted to represent distinct 
orders in dass 23. It is hence obvious, not only that 
the sexual system of Linnaeus is partly natural and partly 
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artificial, and as such imperfect in its arrangement ; but that 
' the artificial section of it is by no means totally free firom 
intricacy and confusion. For an admirable illustration of 
the classes and orders, we refer our readers to the aitide 
Botany, in Nicholson's British Encyclopedia* 

We may farther obsenr^ that though Linnsnis was the 
author of the foregoing artificial arrangement^ yet at one 
time his inclination appears to have been divided betweoi a 
system purely natural, arid one in which an artificial ar- 
nmgement might be allowed to unite. He accordin^y in- 
troduced a natural system, consisting of fii^-eight natural 
orders, which have since been much simplified^ and may be 
reduced to the following ei^t alone. 

1. Fungi, or Funguses, distinguished from other vq^e* 
tables by the peculiarity of their form, which is commonly 
fleshy, coriaceous, or woody. 

2. Alga^ or sea-weeds, which approach more nearly to 
the generality of v^etables; but, like the fiingi, have 
neither stem nor leaves of various figure ; sometimes exhi- 
bitmg the appearance of fibres, and sometimes resemblmg 
the firet-work of arhitecture. 

9. Musci, or Mosses, evincing for the most part the com- 
mon external appearance of vegetables, but varying in thdr 
fruit and flowers. 

4« Filices, or Ferns, vegetables that never push firom the 
root more than one leaf on a footpstalk, (some Indian 
species excepted,} and whose lea^ at its evolution, is gene- 
rally rolled up in a spiral. 

5. Gramina, or Grasses, which have long and slender 
leaves, with a straw for a stem, commonly jointed, and 
bearing but one seed in each flower ; which flower is abo 
peculiar to this division. 

6. Lilia, or Lilies, with bulbous or tuberous roots, loog^ 
slender leaves, spatheous flowers, without calyx^ or instead 
ofcalyx, aspathe. 

7. Palnue, or Fdms, exhibiting an arboreous stem, but 
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never branches. The leaves riseJToin the stein» which is 
called stipes. The flowers issue from a spathe. 

8. Plantiey or Hants, including every vegetable that 
does not arrange itself under the preceding divisions^ They 
are, herbs, under-shrabs, shrubs, and trees. 

Respecting the two last subdivisions, it ^ould be ob^ 
served, that climate and culture have often a considerable 
influence over them, so that trees and shrubs often run 
into one another. 

With respect to the natural system of arrangement of Jus* 
sieu, we may observe, that its primary divisions are founded 
upon the structure of the seed, whence is derived the dis- 
tinction of all plants into AcoQrledons, that is, those that 
are destitute of cotyledons : Monocotyledons, that is, such as 
have one cotyled<m ; and Dicotyledons, such as have two. 
Under the last are included a few genera that have nume- 
rous cotyledons, as the Pinus and its allies. The classes 
of Jussieu's method are fifteen, and comprize a hundred 
orders. These classes have no appropriate names, but are 
distinguished by numbers, with a short definition of the es- 
sential character. The orders, except those of the first 
class, are ibr the most part named after some principal genus 
belonging to each. 

At the end of this system is a large assemblage of genera 
under the denomhiation of *^ Plantse incertse sedis," as not 
capable of being referred to any of the foregoing orders. 
This must be the case with all natural systems, unless it 
were possible for their contrivers to have all the genera of 
plants firom every comer of the earth before them at one 
view. As long as any remain to be discovered, or any that 
ar« discovered, are imperfisctly known, every such system 
roust be defective. A natural system of botanical arrange- 
ment being therefore unattainable in perfection^ Botanists 
in general resort, for .daily use, to artificial ones. When 
they meet with an unknown (dant, they count its stamens 
and styles, or observe any other circumstance attmding 
tliose organs, on which the characters of the Linnaoan classes 
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are founded. Having thus ascertained the class of the 
plant, they in like manner ascertun its order. They then 
proceed to compare the parts of its flower and fruit with 
the characters of each genus, in that order, till one be found 
that agreed with them. Having ascertamed the genus, they 
look over the characters of the species, till they have met 
with the right. Hence are learnt the generic and spedik 
name of the plant, and other circumstances and &ct5 that 
are recorded of it. Such is the mode of applying the Lin- 
naean system to use ; but it may happen, that a plant is found 
whose number of stamens is variable, or diflerent from the 
usual number in the natural genus to which it evidently 
belongs. In this case, Linnaeus has provided a remedy, by 
enumerating at the head of each class, all such anomalous 
species, as far as he could determine them, so that if the 
plant do not agree with any of the regular genera of the 
class, the botanists will seek it among the irregular species* 

If after all their attempts, the plant cannot be arranged 
in the artificial system, then that of Jussieu may be resorted 
to. The true way to use this system, is to consider, to what 
known genus or family the plant most approaches in its 
habits and leading characters. By turning to such through 
the help of the index, and reading the characters of the 
corresponding order, it will be soon seen whether the right 
is obtained. At any rate this practice wil| be highly useful, 
in leading to a familiar acquaintance with the natural or- 
ders and affinities. When Botanists have determmed the 
genus of a plant in Jussieu, as the species are not treated 
of in that system, they must still have recourse to the Lin- 
naean system for that part of the subject 

'^ By such a manner of associating these two great au- 
thors, we render them truly serviceable to each other, and 
to the science ; whereas, by placing them in opposition, we 
only make stumbling-blocks of all their defects ; for there 
must be defects in all attempts of the human intellect to 
keep pace with the infinite wisdom and variety displayed in 
the works of God." See an admirable introducUon to JBo- 
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tany^ under the word, in Nicholson's British Encyclo- 
pedia, from which we have borrowed very freely. The 
whole work in 6 vols. 8vo. will be found very deserving a 
place in the student's library. For the sake of learners, 
who have no assistance in this department of knowledge, 
the three following works, or any one of them, will be found 
adequate as guides to the science of Botany. 

*^ Conversati<His on Botany," 12mo. illustrated with co- 
loured plates, is a very neat and well-written introduction 
to the science* 

<< An Introduction to Botany, by Priscilla Wakefield," 
12mo« 

*^ Letters on -the Elements of Botany, addressed to a 
Lady, by J. J. Rousseau, translated by Thomas Martjoi, 
Professor of Botany at the University of Cambridge," 8vo, 

*' Elements of the Science of Botany, established by 
LinnsBus, with examples to illustrate the Oasses and Or- 
ders of his System," two small volumes, with numerous 
plates. 

A work of very superior merit on this subject, is entitled, 
<* An Introduction to Physiological and Systematical Bo- 
tany, by Dr., now Sir James Smith, F. R. S* and President 
of the Linnaean Society." 

In addition to these may be menticHied, for the English 
reader, the two volumes contained in ^* Linnaeus's General 
System of Nature, in the three Kingdoms of Animals, 
Vegetables, and Minerals," translated by Dr. Turton. 

Wildenow's ^ ^ Principles of Botany and of Vegetable 
Physiology," 8vo. ; and 

Pulteney's *' General View of the Writings of Linnaeus," 
8vo. 
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Natural History — Zoology — General arrangement — Linnsan sy«tem 
•— Divisions of — Linnaean classes — Mammalia — Aves — Amphibia 
— Pisces — Insects — Vermes. 



^ooix>oT comprises the whole animal world, or all thooe 
beings which are called by the name of Quadnipedfl^ Birds, 
Amphibia, Fishes, Insects, Testaceous Animals, and Zoo- 
phytes. These latter, as we have shewn, chap. Tiii, are of 
very different forms, and are allied by many resemblances 
to the vegetable world. 

In taking a brief sarvey of the animal world, we shall 
b^in with the highest order of animals, and descend to 
the lowest. It is not, in the present slate of our knowledge^ 
inracticable to make out a continuous chain, or series of 
animals, united throughout by evidently ccmneded links. 
It has indeed been observed, that all the productions of 
Nature^ seem rather connected by many points of affiniQr, 
on diflerent sides, than by a regular chain of gradation : so 
that the &ce of nature may be rather said to represent a 
reticulated or polygonal surfiice, than to be disposed in a 
continued linear progression. If, however, a perfectly na- 
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tiiral chain or amuigement of animals cannot be oontrired, 
it is still necessary to form some kind of dassification, in 
order to keq) together such tribes as most evidendy re* 
semble each other. Hence Naturalists have invented se- 
veral systems or distributions of animals, formed either 
from the gioieral external appearance, or firom the structure 
of their principal organs. 

The most ancient division of animals is that cf Aristode, 
who divided them into viviparous^ diat is, those that pro*- 
duceliving, and perfectly formed young, and into cviparousj 
or sttdi as axe produced from eggs. This kmd of division 
continued to be in use with some modification, till towards 
the dedine of the seventeenth century; when our country- 
man Mr. Ray, formed a new classification, founded chiefly 
on the structure and nature ef the heart and lungs in the 
difi*erent tribes ; and the Ltrnisean arrangement of the ani- 
mal kingdom is, in iact, founded upon that of Ray, parti- 
cularly with respect to quadrupeds. 

The Linnsean system, which we shall briefly explain, 
with respect to the animal world, is thus distributed : 1. Into 
animals that have warm and red blood, and a heart divided 
into two cavities, or ventricles, as anatombts term them. 
These animals consist of quadrupeds and birds — the for- 
mer being viviparous, the latter oviparous. 

2. The next division ccmsists of such animals as have a 
heart with a single ventricle, while the blood, thou^ red, 
is of a fiir lower temperature than in quadrupeds and birds, 
so that it is commonly called cold blood. Tliese animals 
consist of what are denominated by Linnaeus, AmpkHna, 
such are Tortoises, Frogs, Lizards, and Serpents ; and also 
Fishes. The Amphtt>ia, or the Frog, Tortoise, Linund, 
and Serpent tribes, have, what Linnaeus calls arbitrary 
lungs, or such as can suspend respiration at pleasure, for a 
considerable time, without injury to the animal. Fishes, 
instead of lungs, are fiimished with gills, in which innu- 
merable divisions of blood-vessels are disposed in semt-cir- 
cidar ranges. 
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3. The thiixl division of animals consists of such as are 
supposed to have a heart with a single cavity, and a cold 
whitish, or nearly colourless blood. These animals consbt 
of Insects, and of a very numerous and diversified tribe, 
called by the name of worms. The former of these, viz. 
the Insects, are distinguished by the particular organs 
called antennae, resembling small horns; while the Iatter» 
or worms, are characterized by having tentacuio, or flexible 
feelers. 

To proceed to the Linnsean arrangement By this all 
animals are divided into six classes, of which, the cha- 
racters are taken from the internal structure of the beings 
treated of. ' The six classes are as follow, viz. Mammalia, 
AvES, Amphibia, Pisces, Insecta, Vermes. 

1. The dass Mammalia, comprehends all such animals 
as suckle their young, being furnished with proper organs 
for the purpose. In all the animals of this class, the plan 
. or &bric of the skeleton, as well as their internal organs, 
bears a d^ee of general resemblance to that of Man. 
Their otUward covering consists, in general, of hair ; but m 
some few the animal matter of the hair takes the form of 
distinct spines or quills, as in the Porcupine and Hedge* 
hog tribe. In others, the same substance is expanded into 
the appearance of strong and broad scales, as in the genus 
Manis ; and in others, as in the Armadill<^ instead of hair, 
we meet with strong bony zones or batids, forming a re- 
gular suit of armour. 

The instruments of loco-motion, or feet, in tlie Mam- 
malia, are generally four in number, and furnished with 
separate toes, guarded by claws. In some, as in the 
monkey tribe^ tlie feet have the appearance of hands : in 
some tribes the feet are shod with strong hoois, either 
entire, or divided. 

In such of the Mammalia as possess the ppwer of flif^t» 
as in the Bat tribe, the fore-feet are drawn put into slender 
fingers of an immoderate length, and united by a common 
membrane or web. In some of the aquatic mammalia, as 
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the Seals, both the fore and bind feet are very strongly or 
widely webbed; and in the Whale, there are in realit}', 
only two feet, the bones of which are inclosed in what are 
commonly called the fins, while the lobes of the tail are the 
onlyparts which correspond with the hind feet. The arms, 
or offensive and defensive weapons of the mammalia, be- 
sides the claws and teeth, are principally the horns; in- 
serted in various directions, and on different parts, in 
different tribes. The horns are either perennial or annual. 
In the Rhuioceros, the horn is perennial, and situated on 
the top of the nose. In the Deer tribe, the horns are 
annual, branched, covered while young with a soft villous 
skin or coat; they grow from the tip, and become very 
solid and strong at their full size. In the Ox tribe, as 
well as in the Antelope, Sheep and Goat, they are hollow, 
mounted on a bony core, and grow from the base. 

The teeth in quadrupeds or mammalia, ara of three 
kinds : 1. The front or cutting teeth ai*e of a broad, com- 
pressed, wedge- like structure, designed for cutting food: 
2. Sharp, lengthened, or canine teeth, situated on each 
side the cutting teeth, and calculated for seizing, tearing 
and dividing the food: and S. Grinders, with broad, and 
either ffat, or rough or angular tops,' for grinding the 
food. The teeth, as will be seen, afford a principal cha- 
racter in forming the orders and genera, tn some the 
canine teeth are wanting ; in others the front teeth ; and 
some few are totally destitute of teeth. 

The tail in quadrupeds is formed by a continuation of 
the vertebrai, or joints of the back-bone ; and is in some of 
great length, and covered with very long hair : in others it 
is very short ; and in some few entirely wanting, as in the 
Apes. 

The senses of the mammalia consist, as in man, of the 
organs of sight, hearing, tasting, and smelling, and the 
power of feeling; and in many of these animals these 
organs are of greater acuteness than in man. The eyes, 
in some quadrupeds, as the horse, are furnished with what 
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is called a nictating membrane, or semi-transparent guard, 
situated beneatli the eyelids, and which can at pleasure be 
drawn over the ball of the eye fi>r its defence. The nose, 
or organ of smelling, is more or less compressed and 
lengthened. - In the Elephant it is extmded in a most 
wonderful manner into a long and tubular probosds, or 
trunk, at the tip of which are placed the openings of the 
nostrils. The teats or mammae are found in all these 
animals, and, as has been observed, give rise to the Lin- 
nsean title to the whole class. 

ThlsJ^st class of animals, or Mammalia, is divided into 
seven Orders. 1. The first of these orders is denominated 
Primatesy as containing the chiefs of the creation. Its cha- 
racters are four front or cutting teeth, above and below, 
and one canine or sharpened tooth on each side of these. 
In a 9iere zoological view, the human kind stands at the 
head of this order, forming the LinnsBan genus Homo. 
Next to this is the genus Simla, including Apes, Baboons, 
and Monkeys; the Oran Outang being the chief of the 
tribe. The other genera of the order Primates are the 
Lemur, or Macauco, and the Bat. 

2. The second order, denominated Bruta, is charac* 
terized by a want of front or cutting teeth, in the upper 
and lower jaw. The 'feet are armed with strong claws : 
their pace is in general slow, and their food is principally 
vegetable. Of this order the chief genera are the Rhino- 
ceros, the Elephant, the Bradypus or Sloth, the Myrmeco- 
phaga or Ant-eater, the Dasypus or Armadillo, and the 
Platypus or Ornithorynchus, or Duck-bill. The* last, 
thou^ placed among the mammalia, is a most extraor- 
dinary and dubious quadruped : it is not certain that it is 
possessed of any mammae : it is a native of Australasia or 
New Holland, where it is found in fresh-water lakes, and 
is supposed to feed on worms, water insects, and various 
weeds, in the manner of a duck. It is obliged to rise oc- 
casionally to the surface of the water, in order to breathe. 
3. The third order, called Fera, contains, among other 
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genera; the Phoca or Seal, the Canis or Dog, the Felis, 
including the Lion, Tiger, &&, together with the conuncm 
Cat, Ursus the Bear, and Erinaoeus the Hedge-hog. This 
order contains the predacious quadrupeds, all agreeing in 
having Ceedi evidently calculated for feeding on flesh. The 
front teetl), which are usually six above and below, ap- 
proach to a ocmical or pointed figure ; the canine teeth are 
long, and the grinders not flattened at top. The claws of 
the feet are sharp, and more or less curved in the difierent 
species. 

4. The fourth order is entitled GUres. The principal 
character of the animals of thb order consists in a pair of 
very amspicuous, strong, and lengthened teeth, placed 
close together in the front of both jaws. They have no 
canine teeth, but are furnished with grinders on each side. 
This order comprehends Beavers, Mice, Squirrels, Porcu- 
pines, Hares, and other genera. 

5. The fifth order, named Pecora, contains all the Cattlcy 
commonly so called, as Oxen, Sheep, Goats, and others. 
It also comprises the Camelopard, the Deer tribe, the 
Antelopes, Camels, the Musk, and a few others. The 
animals of this order have po fore-teeth in the upper jaw, 
but six or e^ht in the under jaw. They have four 
stomachs : they are hoofed, and the hoofs are divided in 
the middle; and excepting the camel, they have two false 
hoo&, which in walking do not touch the ground. Such 
as have horns, have no tusks; and such as have tusks, 
have no horns. Another characteristic belonging to most 
of this tribe of Mammalia, is the power of ruinination, that 
is, of throwing up into the mouth at intervals, a portion of 
food which has been hastily swallowed during feeding, in 
order that it may undergo a more complete grinding by 
the teeth. The whole order Pecora, without a single ex- 
ception, feeds entirely on v^etable food. 

6. The sixth order is denominated Belbue, and includes 
four genera only, viz. the Equus or Horse, the Hippo- 
potamus, the Sus or Hog, and the Tapir. The auimak 
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of this order have obtuse fore-teeth in each jaw : they have 
the singular property of breathing through the nostrils, and 
not through the mouth. 

7. The seventh order is called CeUe^ of which the animals 
have pectoral fins instead of feet ; the tail is horizontal, 
and flattened. They have many peculiarities. Being 
warm-blooded animals, and breathing air like quadrupeds, 
and yet destined to live in the water, their nostrils ai*e 
situated on the top of their heads ; so that by rising to the 
surface of the water, they take in air, and expire, without 
raising their heads out of water. The fat, or blubber, as 
it is called, of these animals, is entirely lodged on the sur- 
fiu;e of their bodies under the skin, serving as a warm 
covering, and preserving 'their heat, which the constant 
application of cold water would otherwise soon dissipate. 
The genera are the Monodon, Balaena, Physeter, and 
•Delphinus. 

II. The second dass of animals is denominated Aves, or 
birds ; and the branch of science which considers and des- 
cribes these animals, their natures and kinds, their forms, 
external and internal, and which teaches their economy and 
uses, is called Ornithology. . Birds have been defined as 
two-footed animals, covered with feathers, and fiimished 
with wings. Like the mammalia they have warm blood, a 
heart with two ventricles and two auricles, and lungs for 
the purposes of respiration. They are however distin- 
guished from them by their feet, feathers, wings, and horny 
bill, as well as by the circumstance of the females laying 
eggs. 

The feathers with which birds are covered, are analogous 
in their nature to the hair of quadrupeds. Beneath the 
common feathers or general plumage, the skin in^ biitls is 
immediately covered with a much finer or softer feathery 
substance, called down. The external or common feathers, 
are called by diflerent names, on difierent parts of the ani- 
mal. The longest of the. wing feathers, which are generally 
ten in number in each wing, are called the first or great 
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qutllsy or the regimes primores, as being the chief oars or 
guiders. The fisathers, constituting the middle part of the 
wing^ are called secondaries^ or second quills, and are more 
numerous than the first ; the feathers decending along each 
side of the back, are called scapula feathers: the small feathers 
ooyering the shoulders are called smaller wing coverts; the 
next series to these are denominated the larger wing coverts, 
and at the edge of the shoulder are a few rather strong and 
slightly lengthened feathers, constituting what is called the 
false or spurious wing. The tail, in most birds, consists of 
twelve feathers ; in some there are only ten, and in others 
there are eighteen, twenty, and twen^-feur. Sometimes 
on each side the tail, or above it, at the lower part of the 
back, are placed several kmg feathers of a difierent structure 
from the rest 

The eyes of birds are more or less convex in the difierent 
tribes, and in general it may be observed that the sense of 
sight b more acute in birds than in most other animals • 
and they seem to possess a greater degree of power in ac- 
commodating the convexity of the eye to any particular 
distance, than other animals. They have no outward ear, 
but the internal one is formed on the sBme general plan as 
in quadrupeds. 

The bill in all birds consist of two mandibles, the upper 
and lower, the former is uniformly fixed, exc^t in the 
genus of parrots, which have the power of moving the upper 
mandible to assist them in climbing. No birds have teeth, 
but some have serrated mandibles ; the serrae^ however, are 
not immersed in the sockets. There is a consideraUe dif- 
ference in the &rm of their feet, according to their manner 
of life. Hence their feet have obtained various technical 
names, as they are fitted for perching, walking, running, 
swimming, or diving. For perching, those seem best 
adapted, which have three toes in the front part of the foot 
and one backward, with the two outward toes partly connect- 
ed by a membrane: among those that walk, this membrane is 
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not to be found. Birds used to swimming, have their feet 
wholly palmated, or pinnated, or semi-pahnated. 

Birds are dirided by Linnaeus into six orders, viz. 1 . Ac- 
cipttresj or predacious birds; such as Vultures, wagles 
Hawks, Owls, &c. The general appearance of these birds 
of prey, bespeaks their character, and tl^ir mode of pro- 
curing sustenance. Their beaks are hooked, strong, and 
notched at the point; and the neck is strong and mus^ 
cttlar, to enable them to strike their prey with force. Their 
legs are short and strong, and their talons sharp and crook* 
ed, to force down and keep their prey on the ground, or 
grasp it in their claws, and soar away with it. Their sight 
is so piercing, that when so high as to be almost out of 
human sight, they can descry their prey upon the grouncl; 
and their flight is so rapid, that they can dart upon it with 
the celerity of a meteor. 

2. Piikti or pies, containing all the birds of the Crow and 
Jay kind, the Parrots, the Wood-{)eckers, the Kingfishers^ 
and many others. This order includes birds of very dif- 
ferent habits. Some of them feed on grass, worms, and 
insects: some on fruit and berries: some on fish: and 
some on insects. The humming-bird extracts its food fi*om 
flowers, with its forked tongue, and rooks are remarkaUy 
fond of grubs and beetles, particularly of the cock-chafer. 

3. The third order, Anseres^ comprehends all kinds of 
water-fowl. The webbed feet of these birds are admirably 
adapted to assist tliem in swimming ; and the greater quan- 
tity of oil secreted by the glands near the tail, and rubbed 
by means of their bills over all the feathers of their body, 
enables them to live on the water, without ever being very 
wet The birds of this order live mostly on fish, and some 
have lieen trained to the catching offish for the use of their 
masters. Most of the water-fowl are birds of passage with 
us, and leave the lakes of Swecjen, Denmark an(l Lapland, 
where they breed in summer, to visit our warmer climate 
during the rigour of winter. They fly in large flocks, and 
always preserve a certain order during tlieir flight. 
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4.. The next order of birds is denominated Gralia: or 
Waders^ consbting of all the Heron tribe, the Curlews, the 
Plovers, and other numerous tribes which have long legs, 
and frequent watery situations. Their bills are very long, 
and in many their necks are likewise of a remarkable len^h, 
to enable them to search in moist, boggy, and marshy 
places for the food which is best adapted to their nature. 
The heron is a great devourer of fish : the wood-cock and 
snipe live wholly on insects, for the taking of which their 
bills are very nicely adapted: the plovers live on worms. 
The Bustard, and some few others, live chiefly on herbs 
and gridn. 

5. The next order is denominated Gallirut, or such as 
are more or less allied to the common domestic fowl ; and 
consequently contains the Pheasant and Partridge tribe, 
the Peacock, Turkey, and a variety of other birds. The 
common cock and hen. are supposed to have been originally 
transported from India, where they are still occasionally 
found in a state of nature. Though not found in America, 
when that continent was first explored by Europeans, the 
common fowl has, by its fecundity, abeady become as plen- 
tifol there as in Europe. America, in return for these, has 
given us the turkey, which is now domesticated aU over Eu- 
rope. The peacock is a native of India: the guinea-fowl, of 
Africa; and the Pheasant, though not dcmesMc^^ bat 
Uvmg wild in our woods, is not originaUy a British bird. 

6. Passeres, or the sparrow tribe, inchides a vast variety 
of birds, which are generally small; and among them are 
all the songsters and warblers of our groves and thickets. 
The food of this order of birds is either berries, fruit, and 
occasionally grain; or insects, and the eggs and larvae of 
tiisects* 

III. The animals of the third class of the animal king- 
dom, called Amphibia, are very remarkable both for their 
siDguhu- external appearance, and internal conformation. 
They are oviparous, and difer fiom the viviparous quadra- 
peds, iad also from birds, in the structure of the heart and 
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lungs : they hare the singular property of being able to 
suspend the function of respiration, and can perform it in 
a more arbitrary mann^ than other animals. 

The characterisUc of this clasa bdng a peculiarity of in* 
ternal organization, it is not at all surprising that the 
animals which it comprehends, should agree more in certain 
propensities and habits, than in external appeanmoe: ac- 
cordingly it contains some that resemble fishes, as the 
shark and skate; and others that more nearly resemble 
quadrupeds, as the tortoise, and crocodile ; and others that 
in general appearance resemble no class of animals, as 
snakes and serpents ; some of which can move with equal 
ease on land or in water, though they have neither feet 
nor fins. The points of agreement in the whole class, are 
all the consequence of the above stated peculiarity in the 
organs of respiration. Besides, all amphibious animals 
have hearts with only one ventricle, which organizaticm is 
necessarily connected with the peculiarity of their breath- 
ing: and they are all remarkably tenacious of life. Am- 
phibia have no grinders, but most of them sharp-pointed 
teeth, and their bodies are either naked or scaly. They 
are oviparous, some of them depositing hard c^^, or 
covered with a calcareous shell, a« in birds, while others 
deposit soft eggs or spawn, either in the form of continued 
chains oT eggs, or else in heaps or loose clusters. In several 
of the Amphibia, and in the Viper tribe, and in some 
Lizards, the eggs are hatched internally. The young of 
such as deposit hard or shelled eggs, are commonly pro- 
duced in their perfect or complete form, differing from the 
parent animal in size alone: but the young of* many of 
those which are produced from spawn or soft ^gs, pass 
through a kind of tadpole state, as is the case with trogs, 
and appear for some time in a form very different from that 
which they afterwards assume. 

The whole class was formerly divided by Lmnseus into 
four orders, distinguished as follows : 

1. Keptilesy which breathe through the mouth, and have 
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four feet. This includes the fiuniUes of the tortpise, liz- 
ard, and frog. 

2. Serpentsy which breathe through the mouth, but have 
neither legs, nor fins, nor ears ; they change their place by 
an undulatory motion. Of this order there were six ge- 
nera. 

5. Meanies^ having both gills and lungs. There is only 
one species in this order, namely the Siren, a singular ani- 
mal discovered in Carolina, inhabiting swampy and muddy 
situations, which is now placed among the reptiles. 

4. Nantes^ which breathe indi£Ferently through their 
lungs and gills, and have fins. This order is most allied 
to fishes properly so called, and it contains, among others^ 
the shark, lamprey, skate, and the several others, which 
are classed among fishes. Hence the class Amphibia is 
now divided into two orders, viz. Reptiles and Serpents, 
Among the former, are the seaF>tortoise, or turtle; and 
the crocodile, being a species of the Lizard genus, so fierce 
and formidable to other animals. Its usual food is fish, 
bat when that foils, it attacks any animal, and even man. 
It is found in the Nile, the Niger, and in the Ganges. 

One of the most singular properties of Serpents, is that 
of casting their skins ; and so completely is this operation 
performed, that even the external coats of the ejres them- 
selves make a part of the cast skin. 

IV. The fourth Class is denominated ^Ae5, and the 
stxidy of this branch of the science of Natural History is 
called Ichthfologjf. The heart of fishes, like that of Amphi- 
bia, is unilocular ; that is, it has but one chief cavity : 
their blood is of a less temperature than that of the higher 
order of animals, as quadrupeds and birds. Their organs 
<yf breathing, analogous to the lungs in quadrupeds, are 
ilistinguished by the name of gills ; by means of which 
they probably derive support from the oxygen of air 
contained in the water, or have the means of decompos- 
ing the water, and thus exist by its oxygenous part; so 
that the same process of nature, which in the higher 
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orders of animals takes place in the internal cavity of 
the lungs, is brought about in fishes externally by 
means of the subdivided branching of their gills. 

Aristotle suggested the arrangement of fishes into the 
cetaceous, cartilaginous, and spinous orders. After him, 
another division obtained, which was founded upon the 
habitation of fishes, or those places in which they reside ; 
and according to this classification, fishes were divided 
into those that dwell in the sea, lakes, and rivers* It was 
however soon found, that many fishes reside indiscrimi- 
nately in all these situations ; this method was therefore 
abandoned by Willoughby and Ray, who went back to the 
Aristotelian method ; to which Linnaeus added fiuther sub- 
divisions. Soon after this restoration, it was disoovei^ 
that the internal structure of cetaceous fishes, as whales, 
&c was very much allied to the mammalia, or quadrupeds ; 
and that, upon strict investigation, the external figure bore 
an equal coincidence. It was observed that they are desti- 
tute of gills, and breathe by means of lungs, and on that 
account are obliged to rise firequently to the surface of the 
water for respiration : that they also resemble land-ammals 
in having warm blood, and in several other important cir- 
cumstances, particularly that of suckling their young, and 
hence they were transferred to the dass mammalia. 

Another order of fishes, in which the gills differ in their 
structure fi*om the rest, having an appearance somewhat 
approaching to hollow lungs, was placed among the am- 
phibia, on the ^ supposition that these, viz. cardlaginoua 
fishes, possessed real lungs as well as gills. 

A more particular and correct investigation, has dis- 
covered that these supposed lungs are only a modificadon 
of gills, and they have accordingly been restored from the 
class amphibia to that of fishes; and we have now six orders 
under the class piscesy or fishes : four derived from the 
fishes, whose muscles are supported by spines or bony mat- 
ter, and denominated tlie Apodal, the Thoracic, the Jtigu^ 
lory and the AbdonUfial. This arrangement is founded 
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oti the absence of the ventral fin, as in the apodesj or on 
its situation with regard to the pectoral fins : and the other 
two are derived from the cartilaginous fishes, xnz. the bran- 
chiost^ous, or those whose gills are destitute of bony rays ; 
and the chondropterygious, or those with cartilaginous 
gills. 

1. The fish of the order' Aj)odes are without ventral fins, 
as the eel, the conger, &c. 

2. The order JuguktreSy includes fish in which the ven- 
tral fins are placed before the pectoral, as in the cod-fish 
and blenny. 

3« The Tkoracicij in which the ventral fins are under 
the pectoral, as in the perch, mackerel, &c 

4. The Abdomifutlesy in which the ventral fins are placed 
behind the pectoral, as in the salmon and pike. 
1 5. The Branchiostegous order, includes fishes that are 
destitute of bony rays, &c« 

6. The Chondropterygious order, which consists of fishes 
which are destitute of bone altogether, and possessed of car- 
tilage instead. 

Such are the orders : the generic character is taken from 
the shape of the body, covering, structure, figure, and 
parts of the head, but chiefly firom the branchiostegous 
membrane. The specific character is taken from the cirri, 
jaws, fins, q)ines, lateral line, digitated appendages, tail 
and colour. 

It may be observed, before we quit this class of animals, 
that the general form and structure are finely adapted to the 
peculiari^ of the element in which they live. Being them- 
selves nearly of the same specific gravity as the water which 
they inhabit, their small fins are all that is requisite to 
enable them to move with ease, and steer their course with 
pleasure. 

v.- The fifth Class of animals in the Linnsean system, 
contains Insects^ and the study of this branch of science is 
JEifUomalf^. The characters by which insects are distin- 
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guishecl from other animals are as follow : First, they are 
furnished with several feet, never fewer than six; and 
sometimes a great many, insomuch that we have among 
them millipedes or creatmres with so many feet, that they 
are designated as if they had a thousand. Secondly, the 
flesh, or muscular part of their frame, is affixed to the in- 
ternal surface of their skin, which is generally of a tough, 
strong substance, and in many even hard or homy. 
Thirdly, diey breathe, by a sort of spiracles, or breathing 
holes, situated at certain distances along each side of the 
body ; and, lastly, the head is commonly furnished with a 
peculiar pair of antennae, or jointed horns, which are ex- 
tremely various in the different tribes, and form a leading 
character in the institution of the genera. 

The first state in which the generality of Insects appear, 
is that of an egg : from this is hatched the animal in its second 
state, in which it is often called a caterpillar, though its 
more general and appropriate name is that oi Larooj h&ng, 
as it were, the mask or disguise of the animal in its future 
form. The larva differs much in its appearance, accord- 
ing to the different genus to which it belongs. In the 
moth and butterfly tribe, it is emphatically called by 
the name of caterpillar. In the beetle tribe it Is of 
a thick, ' heavy form, with the body of a rounded and 
bulging iq3pearance at the hlnd*part In the locust or 
grasshopper tribe, and some others of the same order, it 
does not differ from the complete insect, except in not 
being furnished with wings. In the fly and bee genera, and 
some others, it is popularly known by the name otmBgffA^ 
of an oval form, without feet. In dragon-flies, and in 
water-beetles, &c. it is ofien of a very singular form, and 
difiers more from the complete insect than in any other, 
except those of the moth and butterfly tribe* 

When the time arrives in which the Larva is to change 
into its next state, that of ChysaUs, or, as Linnaeus calls it, 
Pt^pof it ceases to feed; and then afier a time, by a sort of 
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lalxNTious effort, it divests itself of its external skin, and ap- 
pears in the form of a Pupa. The Pupa difiers in different 
tribes of insects almost as much as the larva. 

From the Pupa emerges, at lengtl), the complete insect, 
in its perfect or ultimate form, from which it can never 
after change, nor can it recdive any farther increase of 
growth. This last or perfect state of- an insect is called 
the Imago, 

The eyes in insects differ in the different tribes: the 
greater number of insects, however, are furnished apparaatly 
with two eyes, situated on each side the head. The out- 
ward coat of these eyes is composed of a prodigious num- 
ber of minute hexagonal convexities, like so many convex 
lenses or glasses, but the exact manner in which vision is 
performed by these organs is not exactly ascertained. The 
head of the common dragon-fly, or Libellula, is furnished, 
it is sidd, with no less than 25,000 of these diminitive 
lenses. 

According to the Linnsean system of Entomology, there 
are seven orders of insects, classed according to the number 
and substance of their wings, or from their being altogether 
without wings. 

1. The first order is named Coleopterc^ or insects with 
crustaceous wings. These have four wings; the upper 
ones, acting as cases or coverings to the true wings, are 
called elytra, and are of a hard homy substance. The 
true wings, which, when the animal is in a state of rest, are 
under the elytra, are membranaceous, and more delicate 
than the finest gause. When the animal is preparing for 
flight, the elytra, are raised, and the membranaceous wings 
are unfolded, and spread out to the air. This order includes 
almost all kinds of beetles, of which there are said to be 
above a thousand different species in this country. 

^. The Hemipteraf or insects with half-wing cases, are 
those that are inclnded in the second order. Though the 
elytra of these are only half as long as the body, they are 
quite sufficient for covering the true wings, when the animal 
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is at rest, to which they prove a shield and defence. The 
elytra of this order of insects, are not only shorter, but 
softer than those of the coleopterous order, being more like 
parchment than horn. 

3. The third order is denominated Lepidaptera, that is, 
the butter-fly tribe. The insects of this order have ibor 
membranaceous wings, covered with scales, arranged nearly 
like the tiles upon a h6use. This order includes all kinds 
of moths, as well as butterflies, their wings being sinular, 
though their antennae and general habits difier. The wings 
of this tribe, some of which display great beauty and variety 
of shade and colouriog, have been frequently the subject 
of microscopical investigation. See Dialogues on the Mi- 
croscope, 2 vols. 18mo. 

4. The fourth order, Neurqpteraj includes insects with 
naked membranaceous or nerved wings, and without stings. 
Tlie insects of thb order difier from those of the last in 
their wings being without the minute scales or down : dra- 
gon-flies, ephemera, and others, belong to this order. 

5. The next order is denominated Hymenaptauy or in- 
sects with four naked membranaceous wings, which are 
distinguished from the Neuroptera, by their having stings. 
It includes virasps, bees, ants, and others. The sting is in 
some genera within the body, except when in the act of 
using : in others it is always without the abdomen, and en- 
closed in a cylindrical sheath. 

6. The sixth order includes insects with two wings, and 
it is on that account denominated Diptera. To this order 
belong all the fly tribe, with gnats, gad-flies, &a They 
all have two poisers or balancers, instead of under-wings, 
being little balls at the summit of pedicles which are at- 
tached to the abdomen. 

7. The last order is denominated Apteroy or insects with- 
out wings. This order includes all insects* that are desti- 
tute of wings in both sexes. It is well known that there 
are several insects, as the female glow-worm, the neuters 
of ants, the female coccus, and some others, which, thouj^ 
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wingless themselves, are furnished with wings in the other 
sex or sexes. These, however, are not ranged with the 
order aptera, but to such orders as their winged mates be- 
long. The apterous order comprehends also the different 
species of lice, fleas, mites, and spiders ; likewise lobsters, 
crabs, shrimps, and prawns. 

VI. The last class of the animal kingdom, according to 
the Linnaean system, is denominated Fermes^ or worms^ and 
includes a great variety of animals. It is not only arranged 
the last in order, but the creatures which it contains, when 
compared with those of the other classes, seem to be the 
least perfect, possessing neither eyes, nor ears, nor heads, 
nor feet. Many of them, as the corals, and corallines, ap< 
proach very near to vegetables; and others, as the madre- 
pores and shell-fish, resemble in their coverings, at least, 
xrertain productions of the mineral kingdom. All, however, 
may, no doubt, be c(xisidered as perfectly complete both 
in structure and endowments for the stations which they 
are designed to hold, and for the purposes which they are 
intended to answer in the general plan of creation. 

This class, notwithstanding its name. Vermes^ or voormsy 
includes a vast variety of animals, as snails, slugs, shells, 
and their inhabitants, corals, and an indefinite variety of 
microscopical animals, called infusoria, from the circum- 
stance of their being detected in waters, in which vegetable 
matter of some kind or other has been steeped. • The dif- 
ferent orders, which are five in number, are the following : 

1. ItUestina: this order includes worms with a filiform, 
or thread-like body, of equal thickness, and smooth ; also 
the common earth-worm, the worms found in the intestines 
of different animals, the leech, and a few others. 

2. Mollusca, this order contains animals of a simple 
form, naked, that is, without a shell, with members, or ad- 
ditional parts, not to be found in those of the first order. 
These members, however, do not answer to the feet, or 
wings, or fins of quadrupeds, birds, or fishes. In some 
they are calleil rays, as in the Asferias^ or star-fish; in 
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others, tentacuUa, or feelers, as in the Sepia^ or Cattle- 
fish ; and in others, as in the lAmaSy ox Slug^ they are 
denominated horns. 

3. The tliird order is named Testacea^ or worms of a soft 
and simple form, covered with a shdl. The whole order is 
characterized by the shell, which is a calcareous coverings 
which each animal forms for itself by a concretion, or exud- 
ation from the surface of the body. There are many dif- 
ferent genera of shells, and the study of this order of the 
class Vermes has obtained a distinct scientific name, that is, 
Conchclogy. This branch of Natural History is very po- 
pular, on account of the elegance and beauty of the shells, 
and of the easy method of arranging and preserving them. 
As a branch of science, the objects 'of conchology are se- 
parated into three divisions, viz. (1.) MuUivalves^ that is, 
shells with many Talves ; as the Chiton^ Lepas, and PhcHas, 
(2.) Bivalves, or shells with two valves: as the Ostrea, 
oyster; Mi/tilus, mussel, &c (S.) Uuivalvesy or shells 
with one valve only, which division is subdivided into those 
with a r^;ular spire, as the ArgonatUa ; the Nautilus ; the 
Helixy or snail, and those without spire, as the PateUa, or 
limpet, &c. 

4. Zoophtfia. This order comprehends Composite animals 
efflorescing like vegetables, included in a calcareous crust. 
Many thousands of them live together, and are so con- 
nected both by their calcareous covering, and their softer 
fleshy part, as to be considered as a single production. 
They increase in bulk, and mostly branch out like plants : 
they may, like plants, be propagated by sh'ps. We !iave 
already observed, that this order of animals constitutes a 
sort of connecting luik between itself and the other two 
kingdoms of nature. It is separated into two divisions : 
(1.) Those with a hard calcareous stem, of which, among 
others, the madrepores and miUepores are examples. (2.) 
Those with a softer stem : this division includes ten genera ; 
of which the sponge, the Coralline, and Polypus, are good 
examples. 
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5. Infusoria. This order has l)een added to those oF 
Linnasnus, to include such microscopical worms as have 
been discoyered in stagnant or other water and fluids. The 
animals included in it are divided into: (1.) Those that 
have external Organs. (2.) Those without external organs, 
and flattened : and (8.) Those without external organs, 
and round. 

In mentioning the authors who have treated on the seve- 
ral branches of Zoology, we must confine ourselves to very 
few : ibr the bare enumeration of the titles of all the works 
of high authority on the subject, would fill a large space. 

As a popular, instructive, and very useful work, includ- 
ing each branch of Zoology, -we may mention <* Essays in- 
troductory to the Study of Natural History, by Fenwick 
Skrimshire, M.D.'' in two volumes. In the division Am- 
phibia, this author has not followed the improved Classific- 
ation of Linnaeus, but in other respects it cannot be too 
strongly recommended to young persons. The fiicts, 
through the whole, are plain and simple, but striking and 
interesting; and they lead fiK>m animate and inanimate 
creation to the contemplation of the power, the wisdom, and 
goodness of the Creator* 

" General Zoology, or Systematic Natural History, by 
George Shaw, M*D. F.R.S." which has been in the 
course of publication many years, is an extremely valuable 
work to those who con bear the expense. It commences 
with Quadrupeds, which are included in the Mammalia of 
Linnaeus, and proceeds in systematic order through the 
several branches of Birds, Amphibia, Fishes, Insects, and 
Vermes. The Linnaean arrangement is generally pursued. 

A still more popular work by the same author, is entitled 
<^ Zoological Lectures ;" in these there is a plain illustra- 
tion of the animal world, according to the Linnaean mode 
of arrangement, with some deviations. 

Another popular, but very expensive work, and with- 
out the same r^ard to classification, is entitled '^ Zoo- 
ff^phy, or the Beauties of Nature Displayed, &c. by 
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W. Wood, F. R. S." The plates accompanying this work, 
are extremely beautiful and highly finished. 

With the works of Pennant and Biifibn, every student 
in Natural History will soon become acquainted : and. in 
those already mentioned, he will find references to all the 
best writers on the subject. Pennant has been called the 
English Linnaeus, and by many bis classification of Qua- 
drupeds is preferred to that of the Swedish Naturalist Ed- 
wards, Pennant, and Latham, have all treated of Birds, 
and their works claim a high portion of praise. Among 
the authors who have written on serpents and fishes, may 
be mentioned Seba, Catesby, Gronovius, CiardA,'''Itejr, 
Pennant, and Donovan. In Entomology, the best English 
writers are Donovan and Kirby ; from the latter a complete 
and scientific work is very shortly expected. Da Costa's 
« Elements of Conchology," is a treatise of much merit : 
so also are Barbut's " Genera Vermium," and Ellis's 
" Natural History of Zoophytes and Corallines." The 
Rev. Dr. Burrow's " Introduction to Concholc^," is ex- 
tremely well adapted to a beginner: and. an excellent 
Treatise on Conchology is to be found under tiie word in 
Dr. Rees's New Cyclopedia. The first four volumes of 
Turton's Linnaeus should be possessed by every Englisii 
student of Zoology. 

The extended researches in Comparative Anatomy and 
Physiology, which have been made since the period when 
Linnaeus formed his arrangement of the animal kingdom, 
have thrown considerable additional light on the (acuities 
and nature of animals, and have determined with much 
greater precision their relation, afllnities, and the rank 
which each species is entitied to hold in a general system 
of classification. For the successfid prosecution of these 
laborious investigations, and their application to a metho. 
dical system of arrangement, we are chiefly indebted to the 
French Naturalists, and to none more than to Cuvier; 
although it would at the same time be unfair to omit ac- 
knowledging our obligations to Lamark, Dum^ril, Latreille^ 
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Blainville, and many other equally illustrious names, who 
have contributed so largely to the advancement of this 
branch of science. The system of Cuvier is particularly 
deserving of notice in a work of this nature ; since It may 
be considered as the fruit of the united labours of his pre- 
decessors and contemporaries in this department A co- 
pious outline of this system has been given to the world 
under the title of ** Le R^ne Animal, distribu^ d'apr^s son 
Organisation/' by Cuvier himself, assisted by Latretlle, in 
4v<ds. 8vo. Paris, 1817. The arrangement there laid 
down is unquestionably a much better approximation to a 
natural method than that of Linnaeus, being founded on 
the diflerences in the structure and functions of the organs 
most essential to life, and which have most influence in de- 
termining the sensibility, intelligence, activity, habits, and 
manna's of animals. As the advantages which it in this 
respect possesses over all preceding systems are very con- 
siderable, and as it is likely to supersede them in future, 
we shall offer a brief account of it in this place. The 
principles on which it is founded were, some years ago, 
fully explained and illustrated by Dr. Roget, in his Lec- 
tures on Comparative Physiology, delivered at the Royal 
Institution. 

The powers of sensation and voluntary motion being 
the great characteristics of animal nature, it is evident that 
the organs of primary importance must be those which are 
immediately subservient to these powers, that is to say, 
those of which the assemblage has been termed the ner- 
vous system. The general form and dbtribution of the 
different parts of the nervous system, dierefore, should 
lay the foundation for the primary divisions of the animal 
kingdom. Setting aside, then, all subordinate consider- 
aticMis, and attending only to these general views, it will be 
found that there exist four principal forms or models, ac- 
cording to one or other of which all animals seem to have 
been constructed, and of which the chief varieties, however 
important they may have appeared in the eyes of natural- 
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ists, or however decorated with the titles of new and dls^ 
tinct classes, are in reality merely slight modifications, 
derived from the development or addition of parts which 
introduce no essential variation in the original plan. Con- 
formably with these views, Cuvier has distributed' animals 
under four grand departments, designated by the names 
Verttbr^ta^ MoUusca, Astiadataj and Radiatuj and they 
are characterized as follows : 

1. Vertebrated Animals are remarkable by the com- 
plexity in the structure of their nervous systems, and in 
the functions exercised by them. This great division com- 
prehends all the higher classes of the animal creation, 
namely, the Mammalia^ Birds^ Beptiles, (or the Amphibia 
of Linnaeus,) and Fishes. In all these tribes the principal 
nervous substance appears in the form of a large mass, 
called the brain, from which a cylindrical process, called the 
spinal marrow, is coiMinued : these are protected respect- 
ively by the bones of the skull, and by a series of verte- 
brae, forming a column of bones which extends the whole 
length of the back. Animals formed upon this model ex- 
hibit a symmetrical arrangement of parts on each ^de of 
the body. The skeleton is internal, constituting, with the 
muscles which cover it, the instruments for progressive 
motion. The blood which circulates is always of a red 
colour. 

2* In the Mollusca there is properly but one central 
mass of nervous substance, or brain, as it may be termed, 
without any part correspcmding to the spinal marrow : from 
this mass, filaments of nerves proceed in various directions 
to be distributed to all the parts of the body of the animal. 
This division includes all the tribes of shell-fish, or Testacea^ 
together with the Mollusca of Linnaeus, both of which lie 
had arranged as orders in his class of Vermes. These have 
been placed together by Cuvier, under the same division, 
on account of the general analogy of their internal structure; 
for he justly regarded the circumstance of the presence or 
absence of an external shell as one of very subordinate im- 
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portance in estimating the real nature of the animal. In 
passing from vertebrated animals to this division, we lose 
all trace of an internal skeleton; the muscles of the Mol- 
lusca being attached to the skin, which is produced so as 
to envelope like a mantle all the soft organs of the body, 
and which, in the greater number of instances, contains, or 
is itself covered by the shell. The senses are less numerous, 
but the organs of circulation and of digestion are nearly as 
complex as in the vertebrata. 

S. The third form assigned to the nervous system is 
that of a double longitudinal series of knots, connected to- 
gether by lateral filaments, and sending out, as from so 
many centres, numerous ramifications of nerves. This 
structure is the distinctive mark of Articulat£d Ani- 
mals, and may be recognised in insects, and also in 
several of the Vermes of Linnaeus, such as the leech, the 
earthworm, nereis, serpula, &c. These latter animals, 
indeed, have been grouped together so as to form a distinct 
class, under the title of Annelides ; while the Insecta of 
Linnaeus are distributed into three other classes, namely, 
the Crustaceay Arachnida^ and Insects^ properly so called. In 
all these tribes, the covering of the trunk of the body is 
divided into a certain number of segments, or rings, move- 
able on each other, by means of muscles placed within 
them. The function of circulation is found to be more and 
more imperfect as we descend in the scale among the dif- 
ferent orders included in this division. 

4. The last division comprehends the Radiated Ani- 
mals, in which, wherever nerves are found, which is only in 
a few tribes, they appear as knots disposed in a circle, and 
sending out nerves which diverge like rays firom a common 
centre. The star-fish is one of the most perfect exempli- 
fications of this structure. In all the other animals belong- 
ing to this division, although no nerves have been de- 
tected, the whole body, or some of its principal organs, 
are moulded according to the same model of a radiated 
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form. The symmetry is not a lateral but a concentric 
symmetry. The same circumstance takes place in plants ; 
and the animals included under this division present, 
indeed, an approximation to vegetables. They couipre- 
bend the various tribes of Zoophytes. 
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OBJECTS AND UTILITY OF THE SCIENCE, AND GENERAL 
VIEW OF OUR MENTAL POWERa 

Mental Philosophy. — Metaphysics. — Mental Philosophy important to 

Intellectual Culture — to Moral Investigation — to Education to 

the Young — to Religion. — ^Mind — Sensation — Ideas — Association 
^-Conceptions— Feelings— 'Notions — Ideas of Reflection Me- 
mory — Imagination — Understanding — WUl. 

JVlfiNTAL Philosophy, or the Philosophtf of the Human 
Mind^ is that branch of science, which investigates the 
laws of the human mind. Its object is to ascertain the 
properties of the mind, the origin and nature of its various 
modes of thought and feeling, the ways in which they oper- 
ate upon each other, and the means by which they are to 
be cultivated or repressed. 

Menial Philosophy is not uncommonly confounded with 
Metaphysics; and the absurdities and futile speculations, 
which have been classed under the latter, have been sup- 
posed by many to belong to the former. Metaphysics 
(ficra r« f uo-ixa) comprehends all investigations respecting 
those objects of human thought, which, by sensation alone, 
could not be brought under the notice of the mind ; and it 
consequently includes the philosophy of the human mind : 

s 3 

Digitized by VjOOQIC 



262 MENTAL PHILOSOPHY. 

but it is obviously unjust to throw upon this department of 
metaphysics the stigma which, if due to any, belongs to 
those branches alone, which have little or no relation to 
mental laws and operations. 

'Whatever relates to the properties of the mind, to the 
operations of intellect and i^ection, is of high value in va- 
rious points of view. The philosophy of the mind, as Mr. 
Stewart justly remarks, abstracted entirely from that emi- 
nence which belongs to it in consequence of its practical 
applications, may claim a distingui^ed rank among those 
preparatory disciplines, which Bishop Berkeley has happily 
compared to ** the crops which are raised, not for the sake 
of the harvest, but to be ploughed in as a dressing to the 
land." 

The object of Moral Philosophy is to shew men their 
duty and the reasons of it. It teaches what regulation of 
the conduct and the affections is our du^, why it is our 
duty, and how it is to be required. It is sufficient barely 
to state these objects, to shew at once the subserviency of 
mental to moral philosophy, llie foundations of the sdence 
of morals can only be laid with success on a judicious ac- 
quaintance with the principles of the mental constitution. 
We must know what are the afiections in which moral ex- 
cellence consists, how they are to be formed and cultivated, 
and how opposing ones are to be repressed or exterminated. 
And the consequence of actions can be fully shewn only 
by mental phUosophy, or by that experimental acquaintance 
with the phenomena of mind on which its laws are founded. 

A sound and comprehensive acquaintance with the laws 
of our mental frame is of incalculable utili^ m the busmess 
of education. It gives to those who conduct it correct 
views as to its object. It shews the vast importance of early 
impressions, of early attention to the culture of habits and 
dispositions ; and it points out the best means for forming 
those characteristics of intellect and affection, which are 
essential to happiness and usefulness. 

An acquaintance witfi tiie grand practical laws of the 
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mind will supply the young (and particularly those who 
are early left to form their plans of action for themselves) 
with a most useful guide, to preserve them from the " aber- 
rations of folly and the pollutions of vice." They will be 
led by it to perceive how their present conduct and dis- 
positions will affect their future character and happiness ; to 
perceive the importance of avoiding a frivolous employment 
of their time, without any end beyond mere present amuse- 
ment ; to perceive the impossibility of indulging in vicious 
gratifications, witliout diminishing their means of happiness, 
and checking their progress towards excellence. They 
will learn to consider the formation of habits as requiring 
their utmost circumspection : they will learn what are bane- 
ful, what beneficial ; what means of happiness should be 
made of primary value, and what should be regarded as 
subordinate only. Between the age of seventeen and thirty 
(earlier or later), the character usually acquires its p^erma- 
nent bias. After the commencement of that important 
period, the education of the human being usually depends 
in a great measure upon himself; and a judicious acquaint- 
ance with mental philosophy is an invaluable means for 
the right employment of it : indeed, next to the pursuits of 
religion, to which it directs, this is the most important 
means. We shall deem ourselves amply recompensed, if 
in any of our readers belonging to that period of life, we 
should succeed in producing an interest in the study of the 
human mind ; in giving them such an elementary acquaint- 
ance with its laws, as will enable them to acquire firom 
reading and reflection, and observation, just views of its 
operations and means of culture; and in inciting them to 
employ their knowledge in self-correction and self-improve- 
ment. To make the study of the human mind fully answer 
its objects, requires an accurate discriminating judgment, 
and the habit of correct and cautious reasoning ; but patient 
reflection and good sense are alone essential to the bene- 
ficial pursuit of mental science; and with these it will in 

s 4 
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all cases lead to results highly important to individual wel- 
fare and usefulness. 

The well-disposed young often fall into a desultory mode 
of reading, and form injurious habits of mind, for want of 
something to fix their attention. We here present to them 
an object, which no one can doubt is of high value, and 
which is deeply interesting to those who pursue it with pa- 
tient persevering reflection. Tliere is one class whom we 
fee] peculiarly desirous of leading to this object; those of 
our female readers, who, having completed the common 
round of school-education, are not yet occupied in any em- 
ployments, which require a large portion of their time and 
active exertion. Those habits of frivolity and dissipation^ 
which waste the most promising talents, and fritter away 
some of the most precious moments of life, would be re- 
strained, perhaps altogether avoided, if they had some fixed 
object of pursuit, particularly one in which every step is 
useful knowledge. And if called to the duties of parents, 
how valuable would be their methods of early education f 
I'heir efforts would be well chosen and well applied. Those 
who might build upon their foundation, would recognize 
the skilful hand of maternal wisdom ; they would only have 
to further, to promote, instead of being obliged to change, 
to eradicate ; and those for whom their efforts were made, 
when they compared their own happy freedom from de- 
structive errors, and their possession of correct habits of 
disposition and action, with the condition of others, would 
bless the well-directed solicitude which had watched over 
their early impressions, and judiciously guided their affec- 
tions, desires, and expectations. 

We may further observe, that an acquaintance with the 
principles of this important science, enables us more cor- 
rectly to appreciate the inestimable value of Christianity, 
and the strength of the evidences on which it is founded. 
It leads to the most interesting conclusions respecdiig 
the worth of Christian precepts, and the exalted nature of 
Christian motives. It shews us how Christianity « recon- 
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ciles human nature to itself ;*' and it shews us, that the truth 
of it rests upon tlie well known laws of the human mind. 
It directly furthers the cause of religion in general, by ren- 
dering more obvious the reasons of the Divine dispensations ; 
and by the various displays of goodness and wisdom, which 
our mental phenomena present to us. It tends, beyond all 
other branches of philosophical investigation, ^* to correct, 
enlarge^ and exalt our conceptions of the attributes and 
character of the Supreme Being, and to lay a foundation 
for the most exalted and rational piety/' 

In fine, the well-directed study of mental philosophy calls 
into action, and improves, the highest intellectual faculties; 
and while it employs the powers of the mind, it suggests 
tiie best means for their culture, and the best mode of their 
direction. It enables us to trace the intricacies of our own 
hearts, and points out the proper discipline for their cor- 
rection : it discloses the real excellencies of the mind, and 
guides us in our effi>rts for the attainment of them. Pur- 
sued with proper views, and in a proper manner, it lays 
the best foundation for the highest degrees of intellectual, 
moral, and religious improvement. 

Gkneral view of the powers of the humak 
MIND, — .That, whatever it be, which thinks, and feels, and 
wills, is called mind: that part of the kuman being, which 
thinks, and feels, and wills, is called the human mind. This 
is the most limited acceptation of the term. In common 
language, and often in philosophical writings, it is employed 
more widely ; including not only the conscious or perci^ 
pient principle, but that, whatever it be, which supplies the 
mind with the immediate objects of consciousness : as when 
we say, '^ That man has a great fond of usefol ideas stored 
up in his mind ;" meaning, that the causes of those ideas 
remain in his mind, ready for excitement, either by direct 
exertion or by the influence of external impressions, or of 
other ideas. Without entering into any metaphysical dis- 
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tinction respecting the nature of the mind, we shall employ 
the term in this wider acceptation. 

If we hold a luminous body before the eye, the rays of 
light from it produce a change in the state of that organ, and 
this produces a sensation in the mind. In like manner the 
scent of a rose, the sound from a bell, the taste of an orange, 
the blow of a stick, produce changes in the organs of sense ; 
and these produce sensations in the mind. With the sen- 
sation, will almost always be found united ideas respecting 
the externality of the object, its qualities, situation, &c. : 
but when we speak of sensations^ as such, we must confine 
our attention to the simple eSect of the objects causing 
them ; such as it would be in the mind of a child, which 
has as yet formed no ideas. The power or prcqperty of 
the mind, by which it is capable of receiving seisations 
from external objects, is also called Sensation : to avoid 
ambiguity, it might be termed the Sensitive Power. 

Sensations cease soon after the exciting cause is witli- 
drawn ; but if they have been produced with suffident 
vividness or frequency, the causes remain in the nund of 
mental changes, (similar in kind to the original sensation,) 
which can recur when no change b produced in the oigan 
of sense. These mental changes, (which may be consi- 
dered as the relics of sensations,) are called ideas ; and 
when in the state itf which they are retained from sensa- 
tions, without beuig connected with any other ideas, they 
may be called simple or elementary ideas. 

The various elementary ideas derived from sensations 
become connected with one another, so that the recurrence 
of one, or of its corresponding sensation, will bring on 
another; and in many cases they are combined together, 
and so perfectly bloided together, as to appear one uncom- 
pounded idea. When one idea is thus formed of many 
simple ideas it may be called a complex idea. — In like 
manner, complex ideas may be connected or compounded with 
others. The power of the mmd by which these connexions 
and compositions are produced is called Association. The 
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act of connecting or combining is also denominated asso^ 
ciation ; as well as the group so connected or compounded. 
The power might therefore be well termed the Associative 
jPower. 

When ideas are so little compounded with others, that 
they resemble sensations, they are still termed simple ideas; 
but it is more convenient to call them conceptiansj accord- 
ing to Mr. Stewart's use of that term, to denote a .distinct 
idea of an absent object of sense : thus, the distinct picture 
I can form in my ^^ mind's eye," of a friend's countenance, 
or of a prospect, &c., is called a conception. Those ideas 
which from their remoteness from sensation, have no re- 
semblance to conceptions, may be termed notions ; such as 
those we have, when we use the terms virtue, justice^ &c. 

Pleasurable or painful sensations leave relics behind them, 
whicJi Hartley includes under the general denominatiim of 
ideas. This however is little accordant with the common 
acceptation of the term idea ; and it is usually better to 
give the name oijedings^ to the pleasures or pains which 
may exist in the mind without any present sensation. 

The associative power has the chief share in the form- 
ation of the mentalJeelingSj (the affections, passions, desires, 
emotions, &c.) from the relics of sensation, and thdr com- 
binations. The mind may, by different intellectual c^>er- 
adcms, modify the fedings, and transfer them from one 
otgect to another; and the culture^ refinement, or sup- 
pression of them, gready depends upon various voluntary 
acts, which may bring them, to a considerable degree^ 
under the power of the mind : but in a great measure they 
are formed without its direct effi>rts, and almost without its 
knowledge. The same may, in a more limited extent, be 
affirmed with respect to our notions. But these depend, 
much more than our feelings, upon the direct exercises of 
the understanding ; and by means of this power, aided by 
association, ideas are formed, which could not be derived 
from the operations of association alone: such are those of 
relations. One class of our ideas is, in its origin, still more 



Digitized 



by Google 



268 MENTAL PHILOSOPHY. 

independent on the associative power, viz. those which are 
derived from the attention of the mind to its mni operaiions^ 
states^ and feelings ; such Bsjudgingy 'millings recollecting, in- 
decision, jotj, grief, &c. Of these we can form such dis- 
tinct ideas, that they may with much propriety be classed 
with conceptions ; and without such distinct idea of any in- 
dividual operation, &c., we have notions connected witb the 
term; reasoning, willing, re/lection, which must have been 
derived from attention to those operations, and could have 
been formed' in no other way. These conceptions and 
notions are termed ideas of reflection : the former are the 
simple elementary ideas; the latter are complex ideas, 
formed from them by association. 

The associative power operates among all the different 
classes of our ideas, combining the more simple into more 
complicated notions, and connecting them with one another 
by various principles of union ; some arising from the 
mere mechanism of the mind, independently of the ex- 
ercises of the understanding.; and others originating in the 
understanding. 

The mind has not only the power of deriving ideas from 
the different sources already indicated, but also of retaining 
them, (or rather the causes of them,) and of recalling them 
to its view. These operations of retention and reccUeetiim 
are referred to the Memory, or that power by which ideas 
are retained, and by which they recur, or are recalled, in 
that state and order in which they were received. In the 
operations of this power, association has so much influence, 
that they might, in a variety of cases, be very conveniently 
referred to it 

The mind cannot form simple elementary ideas of sensa- 
tion without the corresponding sensation ; but, under con- 
siderable limitations, it has the power to arrange and 
combine them in various ways, so as to form new combin- 
ations or trains of idefts. We can form conceptions of 
scenes and circumstances which we have never witnessed ; 
and we can imagine situations, events, and so on, which 
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have never actually existed. This creative, or productive 
power of the mind, is called the Imagination. Some 
writers call it the Fancy^ using the two terras without dis- 
crimination ; but the latter appears most appropriate to the 
recurrence of vivid ideas, without regard to the order of 
any past actual occurrence of sensations or ideas. Tlie 
fatuy is simply one mode of association : the imagination 
clearly is, in a great measure, influenced by that power ; 
but many of its operations, especially those directly volun- 
tary, render it necessary to speak of it as a distinct faculty. 
These intellectual powers, or faculties, are all subservient 
to the exercise of the Understanding, and some of their 
operations might be referred to it : but it is much more 
convenient to limit the term to that power of the mind by 
which it contemplates ideas and sensations, (considered as 
suchy) and its own various operations ; by which it discerns 
the relations which exist among the objects of perception 
and thought— pursues truth — and assents to propositions, 
or dissents from them. 

Many of our mental operations take place without any 
intentional effort or volition. But the mind can often 
direct its operations ; it can will, or determine, to judge, 
to reason, to employ the causes which excite feeling, to 
produce bodily motion, &c. That power which it has, iu 
certain cases, of producing acts and operaticms, which are 
called voluntary, is termed the Will. As the exercise of 
this power is concerned in all internal or external acts, 
which are in any degree voluntary, it is not easy to con- 
sider it as distinct from them : it is however preferable to 
regard it as a separate power of the mind. 

The operations of the mind are often so complex, and par- 
take so much of the leading characteristics of different facul- 
ties, that it is not always easy to determine to which they 
belong. And from similar causes, the distinction of die 
intellectual powers is variously stated by different writers. 
This produces considerable difficulty to those who are 
beginning the study of mental philosophy. We have given 
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that arrangement which appears the simplest; and if our 
readers reflect on what passes within them, sufficiently to 
enable them to gain clear ideas of the nature of the leading 
operations of their mental powers, they will, we hope, find 
little difficulty in following us in our outline of mental phi- 
losophy ; and that this will be found a useful introduction 
to the study of this important branch of knowledge. — 
We shall therefore endeavour to give a brief view of the 
leading phenomena of the mind, which are referrible to the 
heads of Sensation, Association, Understanding, and 
Will ; referring them for Memory and Imagination to 
the truly excellent chapters of Dugald Stewart on those 
&culties ; in which they will find abundance to instruct and 
delight, and little that is in any way objectionable. They 
will also derive great advantage (after perusing our chapter 
on Association) fi^m the study of those parts of Hartley 
which relate to the memory and imagination. His nine^- 
first and ninety-second propositicxis afibrd less palatablet^ 
but not less wholesome fixxl for the understanding, than 
Dugald Stewart's elegant and highly important investiga- 
tions respecting the influence cS the imagination. On the 
phantasms produced by disease, there is an interesting detail 
of fiu;ts in one particular case, in Nicholson's Journal, 8vo. 
voL XV. p. 288 — 296. ; and in the same v<dume (and also 
in the Manchester Memoirs, vol. L n. s.) is a very valuable 
paper on Reverie considered as connected with Literature. 
In addition to these, we refer the reader to the article Me- 
mory in Dr. Rees's New Cyclopedia; and to the diviaon 
on Memory in Intellectual Education, in the same work. 
From these several sources they will probably derive all the 
information that they will require; and an introduction to 
Stewart's chapters on those faculties will not be neoessaiy, 
after the perusal of the chapter on Association, in this 
volume. 
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SENSATION. 

Vibrations — Perceptions — Sense of Feeling — Taste — Smell — 
Hearing — Sight. 

1 H£ bodily organs of sensation are the external orj^s, 
the nerves, and the brain. The external organs of sense are 
usually classed under five heads, the sights keartngy Jeeling^ 
smeUy and taste. The sense of feeling might with conve- 
nience be divided into two or three ; because the classes of 
sensation, which are referred to this sense, differ consider- 
ably in themselves, and in the external causes producing 
them. 

Vibrations. — How it is that the changes produced in the 
external organs of sensation affect the mind, is a point re- 
specting which we have, at present, no means of knowledge. 
Different hypotheses have been invented to account for it ; 
but even if correct, they explain little more than the mode 
in which the external impressions are conveyed to the 
brain : how the changes in the brain affect the percipient 
principle is utterly unknown, and, in all probability, will 
always continue so. 

Dr. Hartiey was of opinion, that the impressions made 
upon the external organs of sense produce vibrations in the 
minute parts of the nerves, which are propagated to the ■ 
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bmin, and there excite sensations in the mind. This hy- 
pothesis was suggested by Sir Isaac Newton ; but it was 
greatly extended by Hartley, who thought that it accounts 
for all the leading phenomena of sensation and association. 
It is much to be regretted, that this great philosopher bur- 
dened the important doctrine of association with the hypo- 
thesis of vibrations ; they are really independent of each 
other: and those do Hartley and his philosophical system 
great injustice, who represent the matter in any other light« 
We do not believe that any hypothesis as to the corpoi-eal 
occasions of thought, can, in the present state of our know- 
ledge, really explain the operations of thought: but if any 
of our readers wish to know more of Hartley's hypothesis, 
we may refer them to Mr. Belsham's Elements of the Phi-- 
losopby of the Mindj p. 38 — 56, In Dr. Reid's Essays 
on the Intellectual Powers, Essay IL chap. 3., th^ will find 
the arguments of that philosopher against it And we 
think it right to add, that Haller (the great physiologist) 
maintained, that it is totally incompatible with the nature 
of the nerves and medullary substance. 

Of Perception. — To perceive the influence of each sense, 
hi forming our notions and feelings, it is necessary carcfiilly 
to distinguish between the mere sensation, and those ideas 
which are, by association, so connected with it, as to ap{>ear 
at first view a part of the sensation. 

By the laws of association, many simple ideas of sensa- 
tion, received through the medium of different senses, become 
connected, and at last blended together, so as to form one 
very complex, though apparently uncompounded idea. 
The complex idea, or its component simpie ideas, may have 
been the direct objects of the operations of the understand- 
ing : and thus the complex idea may have been farther mo- 
dified. Now this complex idea is often recalled to the 
mind by a corresponding sensation ; and, by association, it 
l)ecomes so connected with that sensation, that the complex 
idea itself is often mistaken for a part of the sensation. 
For instance, the sensation produced by the impression 
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made by a ^UAe on the sense of sight, is, as can be proved, 
nothing more than that produced by a circle^ with certain 
variations of light and shade ; yet, immediately on the sen- 
sation beuig perceived, the ideas of its solidity, of its hard- 
ness, its magnitude, and of its being something external 
to one's seli^ immediately rise up in the mind in one blended 
form : by their complete coalescence they appear to be one. 
and by their immediate and constant connexion with the 
sensation, they appear to the mind as a part of the sensa- 
tion. Indeed, there are comparatively few people who ever 
think that the sensation derived from the sight, is nothing 
more- than what is derived from a minute picture delineated 
on the back part of the eye called the retina. Things ap- 
pear to us, at one glance of the sight, to be solid or flat, to 
be near or distant, to be large or smaU, to be conjoined 
with other things or separate from them, to be parts of our 
own frame or external to it, &c. ; and all this we appear to 
learn by the sight alone : but the &ct is, that all these ideas 
are derived from another sense, at various times, and alto- 
gether blending together, and arising the moment the visi- 
ble impression is communicated, they iq>pear part of the 
visible impression. *^ The visible appearance of objects," 
as Berkeley observes, ^^ is a kind of language serving to in- 
form us of their distance, magnitude, and figure :" no sooner 
are these signs presented to the mind, than, with the rapi- 
dity of lightening, the ideas associated with them succeed, 
and appear to have been communicated by the sight, and 
to be in reality a part of the sensation. 

When the sensation produced by an external object, is 
so closely united with ideas which have been previously de- 
rived from sensation, and modified by the operations of the 
understanding, that the whole shall appear to be one feeling, 
apparently derived immediately from the external impres- 
sion, the whole together, — the sensation and the complex 
ideay is called a perception. And by the faculty of Percep- 
tion we understand that compound power, (or rather com- 
bination of powers,) by vhich perceptions are formed of 

VOL. u. T 
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externid objects. The real nature of perception is greatly 
misunderstood ; and indeed it cannot be understood with- 
out an acquaintance with the influence of association in 
forming complex ideas, and in enabling sensations at once 
to bring them into the view of the mind. 

Admitting the powers of sensation to be in an equally 
sound and vigorous state, yet it is obvious that ihe percep- 
tions may vary very greatly in different individuals, and in 
the same individual, at different periods. Suppose a watch 
to be subjected to the observation of three persons, whose 
organs of sense are alike healthy and vigorous : the one, a 
very ignorant person, totally unacqutunted with its pur- 
poses and movements; the second, a well informed person, 
not however possessed of any acquaintance with the parti- 
cular mechanism ; the third, an artist, minutely and com- 
pletely acquainted with it : the sensation may be precisely 
the same in all instances ; the picture upon the retina may 
convey to the mind an equally impressive sensation of the 
object ; but how different Xh<e percqption ! The first sees a 
number of minute objects, which attract his attention per- 
haps by their beauty and regularity ; but nothing more : 
he has no idea of their subserviency to each other^ or of 
their general use : there is little more in his case than sen- 
sation ; indeed we may say, nothing more than sensation, 
besides those associated perceptions which so soon become 
connected with every impression from external objects, 
and to which we have already referred. The second^ from 
his general knowledge of mechanism, has some ideas ex- 
cited by the sensation, of use and connexion; but he 
cannot discern the specific kind of connexion, nor how 
each part tends to answer the end of the whole. If he set 
about to study the mechanism, he subjects each part to 
minute examination in its structure and connexions ; and 
by degrees may acquire an acquaintance with the whole, 
which, on a subsequent inspection, would give him an im- 
mediate distinct perception of the parts and purposes. 
What he thus acquires by laborious and patient examin- 



Digitized 



by Google 



SENSATION. 275 

ation^ the third saw fit once. His perceptions have long 
been cultivated by daily attention to the movements and 
their dependencies, by studying their defects and excel- 
lencies, by the actual formation of their various parts, and 
the structure of the whole : and a great number of ideas 
produced by such observations and operations become so 
intimately united with the sensation, that at last this at 
once esccites them, and thus he sees, or, (more correcdy,) 
perceives what lies totally out of the reach of the observ- 
ation of others. 

Sensations derived from the senses of Feelings Taste^ Smelly 
and Hearing. — All the external organs of sensation com- 
municate to the mind materials for its notions and fedings ; 
and it is probable that elementary pleasures or pains from 
every organ enter, more or less, into the composition of our 
most refined mental feelings. 

The sense qffreling differs from the other senses, in 
belonging to every part of the body, internal or external, 
to which nerves are distributed: the term touch is most cor« 
rectly limited to the sensibility which is diffused over the 
surface of the body, and exists in the most exquisite degree^ 
at tlie extremities of the hands and lips. 

This sense is of the utmost importance to man, consi- 
dered as an intellectual being. It furnishes us with all our 
elementary notions respecting the real qualities of sub- 
stances ; and it is the sole medium by which we giun a 
knowledge of external objects as such. It is by the touch, 
(and originally by the touch alone,) aided by the power of 
bodily motion, that we distinguish our own bodies from 
other substances that surround us, and from the impres- 
sion which every one has, that the objects, which affect the 
sight, the hearing, &c. are external. 

The sense of fiseling conveys to us the sensations of heat, 
hardness, solidity, roughness, dryness, motion, distetnce, 
figure, &c.; and all those corporeal feelings which arise 
from a healthy or diseased state of the nerves, and of the 
part of the body to which they belong. 

T 2 
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The pains of this sense are more numerous and vivid 
than those derived from any other sense ; and, therefore^ 
have the greatest share in the composition of our mental 
pains. Its pleasures on the other hand, are, in general* 
faint and rare, in comparison with others. 

The sense qffaste^ (considered as extending not only over 
the mouth, but through the whole alimentary duct,) con- 
veys sensations of flavours, and of hunger and thirst. It 
undergoes remarkable changes in passing from infancy to 
old age; partly from the universal effect of custom, to 
diminish the vividness of sensations and feelings, and partly 
from the influence of associated circumstances. Its plea- 
sures are considerable, especially in the early part of life, 
and constitute one grand source of our elementary mental 
pleasures. Its pains are only such as are necessary to 
prevent excessive abstinence or gratification, and the em- 
ployment of improper food. Tlie most common are those 
arising " from excess, and the consequent indigestion. 
This excites and supports those uneasy states which attend 
upon melancholy, fear, and sorrow." 

The sense of smell is nearly allied to that of taste. Its 
pains are obviously designed to assist us in the proper 
choice of food, and to excite us to avoid such vapours, as 
may render the air injurious to health. Offensive odours 
do also, in various circumstances, contribute to produce the 
feelings of shame, decency, &c. Its pleasures, besides 
aiding those of taste, contribute to the formation of some 
of those mental pleasures which are derived from the 
beauties of nature. 

The sense of hearing furnishes us with sensations of 
sound ; and many of its simple pleasures aid in the form- 
ation and growth of the mental pleasures. By association, 
sounds become the signs of ideas ; and they are of essential 
service in the formation or reception of our most complex 
notions. The more refined pleasures of this sense are 
gready indebted to association; and in their turn con- 
tribute, in an important degree, to exalt and refine the 
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system of Feeling. The early loss of sight only impedes the 
progress of the mind from sensation to intellect and afFec^ 
don : those who have never heard, have much greater dis- 
advantages to undergo. The use of words is necessary to 
the full improvement of intellect, and the enlargement of 
affection; and therefore, during the early periods of mental 
pr<^gress, the ear is of much more importance to us, as 
spiritual beings, than the eye. The means of knowledge 
are, however, it is evident, most abundantly increased by 
the possession of sight. 

Sense of sight. Rays of light proceeding from every 
point of the visible object, enter the eye, and form upon 
the redna an exquisitely beautiful and distinct, though 
minute picture of the object. The optic nerve is affected 
by this impression on the retina ; and, by some unknown 
m«ans, communicates to the mind the sensation of sight. 

ir this sensation be considered unblended with the relics 
of other sensations, we find that it is merely what can be 
communicated by the picture on the retina. The sensation 
of ccicur can be thus, and thus alone communicated ; and 
this is the only sensation which can be considered as ap- 
propriate to the sight. — The sensation ofjigure can be 
communicated by the sight, but only of figure in two direc- 
tions, length and breadth ; for the picture on the retina can 
have only those two dimensions. — The sensation of magni^ 
tude can also be thus communicated, but not of real magni- 
tude; for a sensation of real magnitude cannot be conveyed 
by a picture which is almost indefinitely smaller than the 
real object To use the illustration of Adam Smith: ** If 
you shut one eye, and hold immediately before the other a 
small circle of plain glass, of not more than half an inch in 
diameter, you may see through that circle the most exten- 
sive prospectS5 lawns, and woods, and arms of the sea, and 
distant mountains. You are apt to imagine that the visible 
picture, which you thus see, is immensely great and exten- 
sive; but it can be no greater than the visible circle through 
which you see it. If, while you are looking through the 
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circle, you could conceire a fairy hand and a fiuiy pencil 
to come between your eye and the glass, that pencil might 
delineate upon that little glass, the outlines of ail those ex- 
tensive lawns, and woods, and arms of the sea, and distant 
mountains, in the dimensions in which they are seen by the 
eye*" Again it is obvious that however large, or however 
small the field of view, the picture occupies an equal extent 
upon the retina. — Similar observations might be made 
with respect to distance. The cnrgan of sight can convey- 
only that sensation of distance, which may be produced by 
a minute picture on the retina ; that is, nothing but the sen- 
sation of the distances of the different parts of the picture^ 
which may bear no proportion to the real Stances, and 
can only be in two directions. -^ Similar things may be said 
of motion^ that is, change of position. The visual sensadon 
of motion is merely that produced by the motion of di£ferent 
parts of the picture on the retina. 

The &ct is, that not the object itself but the picture 
formed upon the retina, is the immediate object of the sight. 
Without the sense of touch, it is probable that the picture 
would never have conveyed ideas of real figure, magnitude^ 
motion, or positron s still more, that it would never have 
conveyed the idea, that external objects produced the pic- 
ture. Of colour it does convey sensations which do not 
receive correction from the touch, and which can only be 
acquired by the sight Persons completely blind have been 
known to distinguish objects of one colour from those of 
another ; but this is by the feel of the surfaces of those ob- 
jects. If they have never at all possessed sight, though they 
may speak of colours, and distinguish coloured objects, and 
even have a reinote idea of the causes of our sensaticms of co- 
lours, yet they can have no sensations, nor consequently ideas, 
of colours. Mr. Locke mentions a blind man, who said that 
he imagined the coloiur of scarlet resembled the sound of 
a trumpet. 

The limits here stated of the direct power of the sense of 
sight, may appear strange to those who have not been ac- 
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customed to distinguish between the tematum^ and the |ier* 
ceptian of which the sensation forms a part. There are, how* 
eTor, numerous circumstances which prove the point; the 
most satbiactory are those attending the obtaining of the 
sight, at a period when recollection can register the sensa^ 
tions. One such case fell under the observation of the able 
Cheselde% and we shall state some 6f the principal circum«> 
stances of it. Mr. Cheselden couched a youth of thirteen 
years of age. When he was allowed to use his sight, all ob- 
jects i^ipeared to him alike to touch his eyes, as the things^ 
which he felt, touched his skin. He considered solid bodies 
as planes differently coloured ; and when he had learned to 
distinguish solids by their appearances, he was greatly sur- 
prised, when examining the pictures of solids, to find all the 
parts plain and smooth like the rest ; he asked which of hb 
senses deceived him, his sight or his feeling ? Being shown 
a miniature of his &ther, which was painted on a watch-case^ 
he at once perceived that it was a representation of his 
&ther, but expressed great surprise that so large a counte- 
nance could be contained in so small a space ; it appeared 
to him as impossible, as for a pint to contain a hogshead. 
Mr. Ware published in the Philosophical Transactions of 
I8OO9 a case which seemed to militate greatly against Mr. 
Cheselden's conclusions: his patient had from the first, 
ideas of distance and form. But Mr. Ware himself fiir- 
nishes a solution of this difiicul^ ; for we find from his 
paper, that his patient had always been able to distinguish 
light and vivid colours from shade. 

Sensations of colour are, in the early parts of life, very 
vivid, and assist considerably in the formation of our mental 
pleasures ; but the other sensations derived from this sense, 
are principally important to us, lis being by association the 
signs of the ideas derived from the touch ; and, from their 
distinctness, weU calculated to serve as the connecting bond 
of union, and to bring those ideas again into the view of 
the mind. The visual sensations, of themselves considered, 
are rarely the objects of reflection ; we seldom even think 
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of them ; and while we appear to give to the visible app^r-* 
ances of objects, our minutest attenti<M], we are, in fact, at- 
tending only to the tangible qualities, of which the visible 
appearance is the sign. Were it not therefore for asso* 
ciatiiMi, the sight would be of litde more use to us than a 
beautiful picture of objects with which we have no concern. 
But consider its value in connexion with association, and it 
must be regarded as the most perfect, and the most perma* 
nently valuable, of all the senses. The information acquiired 
by the touch, is obtained slowly ; and the sensations nnist 
be continually repeated, in order to acquire information 
respecting objects : but the sight takes in a vast variety of 
objects, and, almost at a glance^ can distinguish what is 
necessary to be known respecting them. Its sensations 
recal the past impressions derived from the touch, and at 
once suggest the size, the shape, the distance of their various 
objects. " If a man," says Reid, << were by feeling to find 
the figure of the Peak of Tenerifie, or even of St. Peter's 
at Rome^ it would be the work of a life-time." Besides^ 
its discovery reaches farther tlian the touch could carry us ; 
it enables us to range through the vault of heaven, and de- 
termine the motions of the heavenly luminaries. It traces 
in the countenance the workings .of the mind; it displays 
the passions and afiections of the soul. With association, il 
is every thing. Without its aid, it would be useless as the 
bright fleeting visions of sleept * 

* The reader who wishes to enter particularly into the phenooiena 
of sensation, may consult Reid's Inquiry into the Human Mind, and 
Hartley's Observations, Prop. 23—73, omitting such as relate to vi- 
brations. A judicious summary will be found in Belsham's Elements, 
P- 56 — 105. Respecting the curious claw of phenomena, termed 
Ocular Spectra, see the end of the second part of Darwin's Zoonomia* 
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Locke — Hartley — l. Classes of connexions — 2. Laws of Connexions 
&c. — Strength and Durability of Associations — Disunion of them 
— Law of transference — Rdations — 5. Composition of Ideas — 
Mental Feelings— 4. Aflections, &c.— Filial Afiections — General 
Principles respecting the Affections — Influence of Habit on Sensi* 
biKty — Disinterested Affections. 

hjvovGH has been already stated, to show the great im* 
portance of this principle. There is scarcely an operation 
of thought in which association is not concerned ; and in 
every department of feeling its agency is indisputable. 

Mr. Locke appears to have been the first who employed 
the principle of association to account for the aberrations of 
judgment and affection, and for customary connexions of 
ideas ; but he does not seem to have been at all aware, that 
all our ideas, except those of reflexion and the elementary 
ideas of sensation, are in reality formed by the influence of 
the same principle^ either alone or under the guidance of 
the understanding; that all our affections, and our mental 
pleasures, and pains, are nothing more than .the relics of 
sensation variously combined by association. This truth 
was fully brought into view by Dr. Hartley, in his Obser- 
vations on Man. Dr. Hartley was eminently qualified for 
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the successful pursuit of mental science ; for with habits of 
patient, persevering investigation and observation, a correct 
and penetrating judgment, and an extensive acquaintance 
with the most important branches of human knowledge, be 
united those moral qualities, the want of which has, more 
than any thing, tended to cloud the mind, and prevent the 
intellectual eye from discerning important truth. Hartley ' 
has unfortunately blended with his grand principles, an hy- 
pothesis respecting the physical causes of thought, which is 
of little or no value : in some cases he has carried too &t the 
application of the grand law of association ; and, in parti- 
cular, he has too much neglected the effects produced on its 
agency by the exercise of the understanding. Never- 
theless, his work is a treasury of comprehensive and judi- 
cious observations, and accurate and profound investigations, 
respecting the human mind, of unrivalled excellence and 
importance: and his principles, while they satis&ctorily 
explain a vast variety of our mental phenomena, are an in- 
valuable guide in moral culture. 

In endeavouring to lead our readers to an acquuntance 
with some of the most important phenomena of association, 
we shall first give a view of the classes and laws of con- 
nexions : and then state some of the chief fiicts rdative to 
compositions^ and the formation of our compound notions 
and feelings. 

$.1. Classes ^ Connexions. 

First : A sensation may be associated with^other sensations, 
ideasy and nwtory changes (u e. such mental changes as pro- 
duce muscular action, whether these be directly voluntary 
or not). 

(1.) A sensation, s&er having been associated a sufficient 
number of times with another sensation^ will, when im- 
pressed alone, excite the simple idea corresponding with 
that other sensation. — Thus the names, smells, tastes, &c. 
of external objects, suggest the idea of their visible appear- 
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ance; and the sight of them suggests their names, &c In 
the same manner, a word half pronounced excites the idea 
of the whole word ; the mention of the letters a, 6, suggests 
the idea o(c, dy &c. ; the sight of part of an object suggests 
the idea of the whole ; and the sight of one object recalls 
the visual idea of other objects which have been uniformly 
or very frequently seen with it. — Innumerable other in- 
stances might be given with little trouble ; but we shall 
mention only one more, which may assist some of our 
readers in accounting for certain cases of apparitions. A 
youth was one day hastily passing by a room in which a 
very excellent friend had usually sat, in a particular chair, 
and in a particular part of the room. His thoughts were 
not much engaged ; and the sight of the chair excited in 
his mind a vivid conception of his friend as sitting in that 
chair. The friend had been dead some weeks ; but, without 
reflection, he came bade for another vision, but in vain. 
Wiiere such conceptions are vivid and easily excited, they 
frequently lead those who are inattentive to their sensations, 
to suppose that they actually saw and heard, at a particular 
time, what they did not then seen or hear. 

(2.) Sensations become connected with idms, so that the 
repetition of the sensation will excite t}ie connected idea. — 
Of this case 6f connexions the following will serve as ex- 
amples, ^ords associated with ideas, will readily excite 
them even when very complex ; the words hero, philosopher^ 
justice, benewlencey iruthy and the like, whether written or 
pronounced, immediately call up with precision the corre- 
sponding ideas. — The hearing of a particular national tune, 
is said to overpower the Swiss soldier, when in a foreign 
land, with melancholy and despair ; and it is, therefore, for- 
bidden in the armies in which they serve. The sound re- 
calls various heartfelt recollections ; the idea of the peace, 
and the freedom of their country, of the home from which 
they are torn, and to which tliey may never return. — 
What trains of interesting thought and feeling are usually 
called up in the mind, by the sight of those scenes of early 
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pleasure, where passed the years when novelty gave charms 
to every sensation, to every employment of the (acuities, 
when hope presented no prospects, but what were decked 
in " fancy's fairy frost-work," and present joys precluded 
all regret for the past. 

(3.) Sensations may become connected with motory changes; 
so that the sensation will excite the corresponding muscular 
action, without the intervention of that state of mind which 
is called will. — A person automatically (that is, without 
volition), turns his head towards any one who calls him by 
his name. When the hand of another is rapidly moved 
towards the eye^ we shut the eye without thinking about it, 
or even being conscious of it. When copying from any 
book, if a person is very familiar with the employment, the 
appropriate motion of the fingers immediately follows the 
impression produced by the appearance of the word. In 
the same manner the visible impressions derived from mu- 
sical notes regulate the motions of the performer. << While 
I am walking through that grove before my window," says 
Darwin, *^ I do not run against the trees or the branches, 
though my thoughts are completely engaged on some other 
object:" the sensible impression produced by the objects 
around, excite in the mind the appropriate connected 
motory changes, and these the action of certain muscles. 

Secondly ; Ideas may be connected with sensations^ ideas, 
or motory changes, 

(1.) An idea associated a sufficient number of times with 
a sensation, will excite the simple idea belonging to that 
sensation. — Thus the ideas, whether simple or complex, 
which have been sufficiently associated with names, excite 
the ideas of their respective names. Hence it is, that we 
find ourselves continually thinking in words ; that is the 
trains of id^as which pass in our minds, are accompanied 
with their corresponding expressions, when those expres- 
sions are familiar to us : and it may be remarked, that the 
habit of thinking in words b one which contributes greatly 
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to accuracy and fadlity of thought, and therefore one which 
the young reasoner will do well to cultivate. 

(2.) Next, an idea associated with an ideci^ (whether no- 
tion or feeling), will excite that idea. Thus, the idea of 
benevolence will excite that of merit ; of courage, that of 
honour; of great talents, that of respect; of cruelty, that of 
horror; of meanness, that of contempt 

(3.) Again^ an idea associated with a motory change^ will 
excite that motory change, (and its consequent muscular 
action.) — Thus, the desire to perform a particular actioa 
will produce the corresponding voluntary motion of the 
limbs ; joy produces a pleasing cast of countenance ; fear 
excites trembling; and horror, distortion. In tlie same 
manner, when we are employed in committing our thoughts 
to writing, the idea of the words which we intend to com- 
mit to paper, if the character be not peculiar, or novel, will 
immediately suggest, and be followed by, the appropriate 
motion of the fingers ; and this without the intervention of 
volition, sometimes without even the consciousness of the 
motory changes, or of the muscular actions produced by 
them. So also in speaking, unless some difficult pronun-^ 
elation occur, the muscular actions requisite for the forma- 
tion of the sounds, follow immediately the conception of the 
words, without the intervention of the will. 

Thirdly: Motory Changes, (and their correspondent 
Muscular Actions), may be connected with sensations, ideas, 
and other motory charges. 

(I.) Muscidar actions may be associated with sensations ; 
that is, when muscular actions have been sufficiently long 
associated with sensations, the repetition of the muscular ac- 
tion alone will excite the simple idea belonging to that sen- 
sation. Thus the action of dancing will bring to mind the 
conception of the music with which it has been often ac- 
companied* Again, children often accustom themselves to 
particular motions of the limbs, while committing to me- 
mory, or while repeatmg what they have learnt ; and those 
muscular actions in many instances become necessary to 
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their correct and ready recollection, and even to their re« 
collection at all. Addison (sajs Miss Edgewortb), repre- 
sents, with much humour, the case of a poor man, who had 
the habit of twirling a bit of thread round his finger ; the 
thread was accidentally broken, and the orator stood mute. 

(2.) So again muscular actions may be associated with 
ideas; that is, when muscular actions have been sufficiently 
long associated with ideas, those muscular actions will 
excite those ideas. Thus dancing will introduce cheerful- 
ness into the mind. So particular muscular actions have, 
from habitual connexion, a tendency to excite certain trains 
of thought or states of mind: those who have been accus- 
tomed to one posture while studying, find it difficult to 
study so well in any other posture ; and persons who^ while 
engaged in deep meditation, have been accustomed to any 
little motions of body, find the continuance of those motions 
requisite for the continuance of their abstraction of mind. 
It is upon the same principle^ that certain postures of body 
. have a tendency to excite those feelings which all should 
have when addressing the Supreme Being. — The cases, 
however, in which any muscular action introduces ideas 
either simple or compound, are much less numerous than 
those in which sensations and ideas introduce muscular 
actions. In ikct it is not the usual order of association ; 
and besides, it is sometimes very difficult to say what effect 
is produced by the muscular action itself, and what by the 
sensations which generally accompany muscular action. In 
the next case the point is clearer. 

(3.) Muscular actions become connected with other mt«- 
cular actions, (that is, the motory changes which produce 
the one, with those which produce the other) ; so that the 
former may introduce the latter without the intervention 
of the will. — If different muscular actions are produced 
together, they .are called synchronous ; if one immediately 
follows the other, tiiey are called succtssive ; and the asso- 
ciation is in like manner termed synchronous or suceessive. 
— The motions of the hands when a person is playing upon 
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the piano-forte, the motions of the hands and feet in weav- 
ing and in spinnings and various other muscular actions 
which will readily suggest themselves to the reader, may- 
be stated as instances of synchronous associations of mus- 
cular actions. The motions of the organs of speech in 
reading or speaking, of the feet in walking, and of the 
fingers in writing, are instances of successive associations of 
muscular actions. 

(4.) These nine cases of the association of sensorial 
changes, are comprehended by Hartley in the following 
general theorem: ** If any sensation a, idea b, or muscular 
motion c, be associated for a sufficient number of times 
with another sensation d, idea e, or muscular action f, it 
will at last excite d, the simple idea belonging to the sensa- 
tion D, the very idea e, or the very muscular action f.'* — 
The sensation itself cannot of course be re-excited, because 
that depends upon the presence of the object of sense ; 
but sometimes, as in the instance already stated, the simple 
idea belonging to a sensation is so vivid, that it equals, if 
not surpasses the original sensation. 

J 2. Laxs of Connexions. 

I. The strength and durability of associations depend 
principally upon three causes ; (1 ) the vividness of the con- 
nected ideas, &c., and the degree of attention which has 
been given to them in connexion: — (2) the frequency witli 
which they have occurred in connexion; — and (3) the pre- 
disposition of the mind, and the prevailing cast of the asso- 
ciations already formed. These we should gladly illustrate; 
but it is probable that the reflecting reader will easily do it 
for himself. 

The attentive consideration of these principles will at 
once show, how important it is that those who have the 
care of education, should seize the happy moments when 
circumstances have peculiarly interested the mind, to con- 
nect with them those related maidms of prudence, benevo- 
lence, and piety, which so introduced may have a lasting 
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efiect in regulating the dispositions ; but whidi, if brought 
in a form less interesting, would have no permanent bond 
of union, and would soon be obliterated. — Hence, too, the 
importance of instilling into the mind those principles 
which are designed to have a constant operation on the 
thoughts, and feelings, and conduct of life, in such a form 
that they, shall become connected with the thoughts and 
feelings which have already a firm hold in the miod, and 
thus be brought into view and excited into action much 
more frequently and uniformly. 

Where there are associations of a contrary tendency, the 
production of a new association implies the destruction of 
the old one ; and this is one reason why persons who have 
passed the prime of life, feel it so exceedingly difficult to 
acquire new associations dissimilar to those already formed. 
Hence it is, that all those improper biases which oppose 
the best regulation of thought and feeling, should be care- 
fiilly shunned; and all those associations careiully pre- 
vented, which lead the mind away from God and duty, or 
which simply check the reception of those which accord 
with the dictates of religion. They do more than directly 
injure by their own existence ; they injure also, and this in 
no small degree, by preventing tlie formation of those asso- 
ciations which direcdy prompt to the course which duty 
points out. • 

An acquaintance with these principles leads us to the 
direct method of confirming associations which are essen- 
tial to our well-being: suppose, for instance, the connexion 
of a regard to the will of God, with our conduct We 
should endeavour to connect, as much as possible, those 
pleasurable feelings which have a tendency to strengthen 
the links of union ; we should cultivate the connexion by 
frequently, and indeed continually, bringing it'into action ; 
and we should carefully cultivate those related states of 
mind, which have a tendency to foster and stvengthen the 
connexion. To avoid weakening it, we should be careful 
not to associate any contrary trains of ideas, (for instance 
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we siiould never attach feelings of ridicule to any thing 
connected with religion): and should «vatchfully avoid 
those breaks in the association, which will follow neglect in 
its cultivation. And it is a most satisfactory idea, that if 
vicious associations may be formed so strong as almost to 
lie beyond the power of the individual to annihilate them, 
virtuous associations may also be formed so vigorous and 
permanent, as to bid defiance to time and to temptation. 
These shall survive the wreck of nature, and shall adorn 
the mental fabric, when this world, and all its sorrows and 
enjoyments shall be no more. 

II. As associations are necessarily formed, and frequently 
without any volition on the part of the individual, in con- 
sequence of tlie circumstances already mentioned, it is 
another very important principle, that an association may 
be destroyed^ by the formation of other counteracting asso- 
ciations, or by the steady prevention of its repetition. These 
causes are sometimes brought into action intentionally, for 
the purposes of moral culture; but they often operate 
without any direct efforts on the part of the individual. 

Those associations which may unfortunately exist in the 
mind, un&vourable to the formation and exercise of good 
dispositions, may be weakened, (gradually, indeed, but cer- 
tainly weakened,) and at last destroyed, by tlie steady 
culture of opposite associations. That conduct to ivhich 
pious benevolence prompts, may acquire so attractive an 
appearance, that ideas of difficulty, of pain, of ridicule, 
which may have been attached to it, and which may have 
impeded its exercise, will gradually give way to those which 
the divine approbation affords, of present peace and future 
happiness. — But there is not always time for this slow pro- 
cedure* It may be necessary for individual happiness, that 
the baneful association should be destroyed, without one 
repetition of it to confirm its power. To the general cul- 
ture of opposite associations, must then be added a steady, 
carefid prevention of the introduction of the connected 
thoughts and desires. Situations must be avoided, words 

VOL. II. u 



Digitized 



by Google 



290 MENTAL PHILOSOPHY. 

disused^ company shunned, which have a known tendency 
to introduce a tAiin of thought leading to the first link of 
the chain which we wish for ever separated. 

When we hold it out as' a grand law of association, that 
connexions may be disunited by forming opposing associa- 
tions, and by preventing their repetition, we would by no 
means represent it as in general an easy, or as in all cases 
a practicable task. — When associations have long been 
formed, and often repeated, particularly where they accord 
with the general bias of the mind, they often bid defiance 
to the most strenuous exertions of the individual. If he 
could for a long time prevent their repetition, and success- 
fully cultivate opposing associations, the most inveterate 
associations would by degrees, lose their power ; but when 
associations have been strengthened for a long period of 
time by being frequentiy brought into play, and connected 
with other active associations, and at the same time accord 
with the prevailing disposition of the mitid, tiie prevention 
of their repetition, and the culture of opposing associations, 
is scarcely practiiaible. These things may be viewed in 
various lights, some gratifying to the mind, some which 
must urge every thoughtful person to shun the formation 
and culture of those associations which he must some time 
or other wish to break. While they teach us to be assi- 
duously oareflil to prevent tdl such, they also show us that 
those which we must wish to cherish, may, as well as others 
of a contrary character, become invincible : and while they 
direct those who have the charge of the young, carefully to 
cultivate the tendencies to feeling and action, which may 
serve as a check upon improper associations, — while they 
direct them carefiiliy to prevent those which may acquire 
a despotic rule in the mind, to the destruction of peace and 
virtue, — they also diminish the anxiety which we are some- 
times prone to feel, when we find ourselves unable to mould 
the mind exacUy to that standard of thought and feeling 
which we wish. 

Ill- Another important principle respecting the asso- 
ciative power, is, tiiat associations are, in a vast variety of 
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instances, formed by means of intermediate links : this mode 
of its operation may be termed the law qfhans/irence. In 
stating itj we shall use the term idea in the Hartleyan sense, 
to denote every internal feeling except sensation, whether 
simple or compound, whether or not accompanied with 
pleasure or pain. The law, to which we have referred, 
may be thus stated. One idea may become connected with 
a second, by means, of their mutual connexion with a third : 
and where it is not necessary to attend to thb third or inter- 
mediate idea, the more the connexion between the first and 
second is confirihed, the less wiU the third be perceptible ; 
so that when the association becomes completely fixed, the 
intermediate- idea is often lost entirely from the view' of the 
mind. The absence of the intermediate idea is often so 
complete, that its ever having been present can only be dis- 
covered by tracing the progress of the connexion between the 
extremes; and in certain cases, where the association has been 
long in a perfect state^ tKe difficulty may become so great, 
that we are inclined to admit an intermediate idea, only be- 
cause we perceive it in other similar cases, and perhaps 
In the very satne connexions in other individuals whose 
habits are less fixed. 

This is an exceedingly important and constantly operating 
law of association : it is thus innumerable phenomena are 
produced, which at first sight appeared inexplicable upon 
any known principles, and which therefore are referred to 
instinct; that is, they are supposed to result necessarily 
from the conformation of the mind, without tlie operation 
of any acknowledged faculty of the mind. Such are the 
belief in what is called self-evident truths, the pleasures 
derived from objects which do not affect the mind by direct 
^nsation, disinterested affections, &c. 

We need not go far for instances which will explain the 
]aw bf transference. Suppose a person acquiring another 
language, the French, for instance : he learns the meaning 
of a French word by means of a corresponding English 
word ; by degrees, as the French word becomes familiar to 
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him, he understands it without at all thinking of the Engh'sli 
word. Here the signification is transferred to the French 
word, so that the English word is no longer wanting to form 
the link of union. — Those who are conversant with short- 
handi can read it without thinking of tlie long-hand : yet 
they learnt it dirough the medium of the long-hand words. 
— Those who have long learnt to read, and who have read 
much to themselves, often do not think of the sound of the 
words, when they are reading to themselves. When we 
are pretty &miliar with a subject, a single glance of the eye 
over a page of a cleai'ly printed book, will convey to us the 
idea of its contents, when perhaps not a single word has 
particularly attracted our attention, when, certainly, there 
has not been time for the mind to think of the sound of the 
of the words. We do not recommend this habit of reading 
for young persons ; but simply state a fact which is very 
convenient and useful to the mind, when it has gone through 
sufficient discipline of accuracy, &c. Now it is obvious 
that in almost all cases, persons learn to understand printed 
words through «the medium of spoken words. -^ One more 
instance, and we have done with mere illustration. Those 
who are familiar with writing, never think of the printed 
word, unless any particular circumstance call it to the mind. 
Yet there are few instances in which the written word is not 
connected with the spoken word by means of the before 
learnt printed word. 

With respect to the disinterested affections^ we shall have 
occasion to say more hereafter; and we shall now give a 
very brief outline of the progress of the love of mmie^y 
merely as a preparatory illustration of the law of trans- 
ference.* 

Money is first an object of pleasurable feeling, solely as 
a means of procuring other things which are regarded as 
objects of desire. For a moment we may sometimes think 

* An interesting and important investigation of the origin^ progress, 
limitoiions, &c. of this desire, may be seen in Hartley's Observations' 
vol. i. prop. 99. 
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of it, as having some intrinsic value, independently of its 
utility as a means ; but we may satisfy ourselves that this 
is not the case, by observing how little money (as such) is 
an object of interest to children who have not heard much 
about it, or seen it employed, or employed it themselves. 
As persons advance in life, money is continually found to 
be the means of procuring a great number and variety of 
the scources of present enjoyment; hence pleasurable feel- 
ings are continually connected with it, and it becomes more 
and more an object of desire. In tliis ^tage of the progress 
of the love of money, it is desired as the means of procuring 
certain pleasurable jfe^lings, without specific reference to the 
objects by which those pleasurable feelings are directly pro- 
duced. And even in this state of it, we find an instance of 
the law of transference. The pleasurable feelings resulting 
fi-om the objects procured, or to be procured by money, 
become associated with the money itself, without reference 
to those objects, — This transference may, in this instance^ 
and many others, be carried one step fiirther. In this state^ 
money is desired on account of the pleasurable feelings with 
which it is connected ; but by degrees the desire is trans- 
ferred fi'om the pleasurable feelings, with which it is connect- 
ed, to money itself, and money is loved for iiselff without 
any reference to those pleasurable feelings. The desire of 
money has now reached the ultimate state of an affection ; 
money is no longer desired as a meanSf but as an end ; it 
is desired and loved on its own account. 

IV. The influence of the associative power is not limited 
to those cases in which ideas are presented to the mind to- 
getlier, ot in close connexion : by its agency an idea often 
suggests others, with which it has never been before con- 
nected. • An object which has never before been presented 
to tlie mind, may excite numerous ideas, or trains of ideas ; 
while another may continually occur without exciting a 
single idea. And the same object will affect different per-n 
sons differently ; so that in the mind of one it will excite 
trains of thought, while in another it will only produce a 
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momentary impression : and in different persons, too, the 
same object will excite different trains of thought ; and in 
the same person, at different times, difierent effects will be 
produced. 

The general iact is, that when an. idea is presented to the 
mind, either by sensation or by association, bearing certain 
relations, either in itself, pr in its effects on the mind, to 
another idea already in the mind, the latter is recalled by 
the former, and becomes connected with it : and the asso- 
ciation thus produced, is subject to the same laws with those 
formed owing to the contiguity in the times when the ideas 
were received. 

Contiguity in time or place furnishes the grand original 
principle of association ; next to this, the relation of similar 
rity is the most operative. These are common to all perr 
sous, and depend but little upon the exercises of the under- 
standing: in many cases they require to be restrained by 
it. The more r^ned principles, viz. those of contrariety, 
cause and effect, means and end, premises and conclusiou, 
are the result of culture. On all these we might enlarge ; 
but we have great pleasure in referring our readers to the 
elegant, interesting, and generally satisfactory investigations 
of Mr. Stewart, connected with this object, in the fifth 
chapter of his Elements. 

We shall only farther observe under this head, that 
the connecting influence of association extends not only to 
our thoughts and feelings, but also to iail oUr mental 
states and operations, whether they respect intellect or af- 
fection. 

$. S. BespectingtJie Composition of Ideas. 

Ahother grand law, or mode of operation, of the associr 
ative power, is that by which simple ideas (the uncom- 
pounded relicts of sensations), are combined and blended 
together, so as to form complex or compound ideas. 

If a sensation has frequently occurred in connexion with 
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other sensations, (either singly or several together, either 
at the same instant or in succession, from the same org^n 
of sensation, or from different organs), the former sensation, 
or its simple idea, will raise the corresponding simple ideas 
of the rest, and associate them together. If these simple 
ideas are distinct in all their parts, then, in the first instance, 
they will be merely connected: but if they are not thus dis- 
tinct, they must more or less run into each other, so as to 
form a complex combination. Now tlie more die connected 
ideas occur in connexion, the more closely the single ideas 
become united : if no one of them have a peculiar degree of 
vividness, they will by degrees, appear to the mind as one 
idea ; and unless the notice of the mind is directed to the 
circumstance that this is composed of parts, it appears as 
much a single idea as originally each of the parts would 
have done, if the attention had been direct^ to them 
singly. And, in like manner, ihe more ideas of the other 
class oceur in combination, the more completely the parts 
coalesce; so that by degrees th^y form a complex, ideuj the 
parts of which are scarcely distinguishable. 

It ipay require some thought to enter fully irito the ^ove 
statement; but it will well repi^r reflection ; for it affords a 
view of the mode in which are formed the elements of all 
our most refined nations (except the ideas of reflection), 
and of all our most refined feeUngs^ evert such as at first 
sight appear to have nothing whatever to do with sen*- 
sation. 

These elementary complex ideas do^ in like manner, be- 
come connected and combined with others, and form still 
more complex ide^si : and while these processes are going 
on, through the agency of association, the understanding is 
often directly engaged upon thj^ elementary or the more 
complicated ideas ; and new compounds are formed by its 
operations, or those already formed become modified by 
them. By these operations of the understanding, various 
principles of union and combination are brought into view, 
which call the associative power into action : and the sys- 
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tern of complex ideas (bodi of the intellect and of feeling), 
becomes materially different, through these varied intel- 
lectual processes, from what it would have been by the 
agency of the associative power alone. 

If the number of simple ideas, which compose the ooni« 
plex one, be veiy great, and they have often occurred in 
combination, it may happen (and in &ct often does happen), 
that the complex idea shall not appear to bear any relation 
to its component parts, or to the external senses by whidh 
the original sensations were received. The reason is, that 
each single idea is overpowered by the sum of all the rest, 
as soon as they are intimately united together. It will 
illustrate this, if we recollect, that in very compound medi- 
cines, the several tastes and flavours of the separate ingre- 
dients are lost and overpowered by the complex one of the 
mass : so that it has a taste of its own, which appears to be 
simple and originaL Thus also white appears, and is vul- 
garly thought to be, die simplest of all colours ; but it reallj 
arises fix>m a certain mixture of the seven primaiy colours 
in their due shades and proportions. 

We shall have occasion afterwards to say something re^ 
specting the mode in which what are <^led abstract ideas 
are formed ; and we shall in this place confine ourselves to 
some remarks respecting the mental feelings^ i. e. those 
pleasures and pains in which sensation is not immediately 
concerned. These Hartley calls intellectual pleasures and 
pains i we prefer the term mental feelings, in opposition to 
the mere corporal pleasures and pains, the pleasures and 
pains of sensation. The term sensations is too often used 
in reference to the mental feelings ; but it should be stiictly 
confined to those ^^&';^5 (using the word in its widest 
sense), which are produced independently of association, by 
affections of the bodily organs of sense. 

Now the whole system of mental pleasures and pains^ is 
formed by die agency of the associative power (under the 
occasional control and modification of the understanding), 
from relicts of the pleasures and pains of sensation. The 
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sensible pleasures and pains leave feelings behind them, 
corresponding to the simple ideas of sight or hearing* 
These feelings (agreeably to the law stated at the beginning 
of this section), become associated with other feelings de- 
rived from the same, or similar external objects ; and when 
the union has been exercised sufficiently long, they become 
blended together, so as to form a complex (though ap- 
parently simple) feeling, which may itself become united 
with other complex .feelings ; and so on. The greater the 
number and diversity of the component feelings, the more 
remote will the complex feeling be from resemblance to the 
original sensible pleasures or pains. These complex feelings 
are continually receiving fresh materials, from the union and 
combination of the simple feelings derived immediately from 
sensation — of the various complex feelings already asso- 
ciated with those sensations, — and of those which in dif^ 
ferent ways are called up by the various exercises of the 
memory, imagination, and understanding. From these 
sources together, tlie vividness of the mental pleasures and 
pains may, in many instances, be as great as that of the 
sensible pleasures and pains ; and indeed we know, as a 
matter of fact, that the influence of the former on the mind, 
IS oflen much greater than tliat produced by very vivid 
pleasures and pains of the latter class. 

These views must, one would conceive, be admitted by 
all who have attentively considered the laws of association, 
and the actual processes of their own minds in the forma- 
tion, or variation, of their feelings associated with any ob- 
ject, and the gradual formation and refinement of the 
feelings of children ; and they lead to a variety of most 
important conclusions connected with education and self- 
culture. Some of these will be hereafter stated. 

Our original bodily structure, and the impressions and 
associations which affect us in passuig through life, are so 
far alike, that there must be a general resemblance among 
mankind in respect of the mental pleasures and pains; and 
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yety as there are great diversities in the causes, there must 
be also in the effects. Similar remarks might be made 
respecting that class of ideas which we term notions. 

The sensible pleasures and pains have a greater tendency 
to destroy the body than the mental ones. The latter 
being coDected from various sources, do not much injure 
any organ particularly, but rather bring on an equaUe 
gradual decay of t&e system. This, however, is upon the 
supposition that they are not excessive; for excessive de* 
sires or emotions, even if of a refined nature, have a dii^ect 
tendency to injure the mental system generally, and espe- 
cially to bring on that derangement of it, which is closely 
allied to insanity, even if it do not bear the name. 

§ 4. On the Affections^ S^c. 

The limits of. this work will not permit us to enter into 
the analysis of our mental pleasures and pains, or into 
any particulars respecting the different classes of our af- 
fections, &c. but the reader will find ample sources of in- 
formation in the latter part of Hartley's first volume, and 
in Dr. Cogan's excellent works on the passions. — To il- 
lustrate, however, the formation of the affections, we shall 
here give a brief history of the filial affection in its early 
stages : and then we shall state some of the chief principles 
respecting the affections and feelings in general. 

1. Of the Filial Affections, — A child receives almost all 
his earliest pleasures from his parents, or in connexion with 
them. These all leave behind them feelings which the 
ever-active principle of association unites and blends to- 
gether, and connects with the appearance, and idea, and 
name .of the parents ; and thus renders it pleasant to a 
child to see them, and tp hear and think of them. By dcr 
grees he learns to distinguish them, as the cause of many 
things which give him pleasure: he perceives them en- 
deavouring to do what will make him feel happy : he is the 
object of a thousand tender endearments and kind offices : 
and every thing of this description, which at all affects his 
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mind, leaves some impression behind it, wbich unites and 
blends with the feelings before produced by other similar 
circumstances. Thus gradually rises up in the mind that 
part of the filial affection which we term lave. If children 
have little intercourse with their parent3> or that be little 
productive of pleasing feelings, their love will be weak; in 
other cases it often early proves very powerful. 

Filial love cannot advance far, without exciting in tlie 
mind of a child the disposition to do what he finds will 
please his parents. He is early incited to this by the 
promise of some gratification, by the expectation of some 
endearment, 8cc. ; and such is the wise structure, of our 
mental frame, that what is often do^e with a view to some 
good, gradually becomes itself pleasant, and is done with- 
out any direct view to tliat good. Thus a child forms a 
desire to please his parents, which constitutes another part 
of filial affection. 

Again, in a wise education, it will often be found neces- 
sary to check the gratifications of a child, to use the 
language and tone of displeasure, and sometimes even to 
infiict pain. Every circumstance of this kind leaves be- 
hind it an impression, which, uniting and blending with 
others of the same kind, produces the feeling <^Jcar* 
Ifthi^, owuig to any cause, is excessive, .it gives to the 
filial affec^on a character, which makes if rather the source 
of pain than of pleasure, and sometimes even overcomes the 
love. On the other hanM, where it is moderate, (arising 
only from that degree of privation, or pain, which is ne- 
cessary for the future welfare of the child), so far fi*oih 
lessening the happiness of the filial afiection, it increases 
it, blending with the love, sa as to los& its own painful in- 
fluence; and, at the same time giving firmness and even 
vigour to filial love, by heightening the disposition to obe- 
dience, and thereby increasing the pleasing consequences 
of obedience, by heightenmg the fear to offend, and con- 
bequeiitly preventing the ill consequences of disobedience. 
Thus by pleasures derived from the care and tendernesb 
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of parents, and by the privations which their care and ten* 
derness may alike cause, a vast number and variety of im- 
pressions are produced ; which, all uniting and blending 
together, constitute the Jilidl affection^ consisting principally 
of fear and lovc^ the desire to please j and Hie fear to (ffend. 
As the child advances in knowledge, and as the conscience 
acquires its power, the sense of obligation, the perception of 
the virtues of his parents, the feelings which he is led to 
entertain towards God, and a great variety of other sources, 
contribute impressions of duty^ oi gn^atitude^ ^ respect^ &c. 
towards the general affection, uniting and blending with it, 
and increasing its strength and vigour ; so that it often be- 
comes a leading afiection through the whole of life. 

We have taken only one case, but the reader may easily 
pursue the same plan in other cases. Perhaps it may be 
truly said, that in no two instances is the filial afiection in 
every respect the same : it is formed from impressions so 
numerous, so various, and often so peculiar ; and depends 
so much upon peculiarities in the dispositions and conduct 
of the parent, aind in the dispositions of the child. 

What may with propriety be termed the natural afiection 
of children towards their parents, (arising without the ex- 
ercise of reflection at all, merely by the operation of the 
associative principle,) is almost always the strongest to- 
wards the mother ; at least if she has also been the nurse: 
and as the pleasurable feelings of infancy do gready con- 
tribute their share towards the formation of more complex 
pleasures, and as they cannot be replaced but by a long se- 
ries of exertions, a mother who wishes to possess die high- 
est degree of her children's affection, and the greatest 
influence in the regulation of their conduct and dispositions^ 
must also be their nurse. 

2, General ObsoDations respecting the AffectiotiSi Src. 
I. The affections, according to the statements already 
made, are derived immediately from sensible pleasures or 
pains received in connexion with any object, or firom corn- 
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pound feelings already formed by association, or from both 
together. They depend therefore for their JatTnatioriy upon 
the^ general activity of the associative power, upon the pro- 
per supply of materials from sensible or mental pleasures 
or pains in connexion with the object, upon the physical 
sensibility of the system, and upon the facility and vivid- 
ness of the powers of recollection and conception. No 
aflections can spring up towards any one with whom we 
have no intercourse, unless that deficiency is supplied by 
proper impressions on the mind, through tlie medium of 
the intellect. 

II. The affections which have been formed towards any 
object, are capable, in favourable circumstances, of being 
transferred to another wliich is considered as possessing 
those qualities owing to which they were originally formed. 
And this transference of affections, (by which we do not of 
course imply the removal of them from the original object,) 
may take place through the medium of the intellect alone, 
as well as by external impressions ; by the exercise of the 
memory, the understanding, or the imagination, as weU 
as by actual sensation. The filial affections, for instance, 
may be transferred towards the Supreme Being. Where 
love, and gratitude, and submissiveness, have been formed 
to the earthly parent, they will easily be transferred to 
our Heavenly Father. 

III. The vigour (including vividness and steadiness 
united,) of any affection, will gi'eatly depend upon its si- 
milarity to the prevailuig dispositions of the mind, and 
upon the frequency and continuance of its exercise, as a 
whole, or in some or other of its component affections. — 
Hence the extreme difficulty of cultivating the religious 
affections, when the prevailing biases and dispositions are 
in opposition to them ; and the impossibility of acquiring 
piety in any tolerable vigour, without the frequent exer- 
cise of those affections which compose it. 

IV. It is a principle of the most extensive application, 
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that feelings become less vivid by repetition, while habitual 
motives become more p&ajerfid by exercise. 

Be the habit what it may, the effect . of custom is to^ in- 
crease its power. We find it to be the case iii those little 
peculiarities of gesture, of tone, of look, which give the ex- 
ternal characteristics to the individual ; and still more so 
in our mental and moral processes of every kind. Its in- 
fluence extends to o^r trains of thought respecting the past 
and present, to the operations of imagination respecting 
the future, and to our internal motives, and habitual ten- 
dencies : appetite, thought, emotion, passion, desire, aflfec- 
tion, and action, are all subject to the same law. 

With respect to/eclingSf repetition gradually lessens their 
vividness. This is the case, for instance, with the feelings 
of compassion, excited by the frequent contemplation of 
fictitious or even of real distress. The sensibilities which 
are designed to excite to benevolent exertion, and which, if 
thus employed, while they become less ardent, will produce 
more and more confirmed habits of active benevolence, if 
they are allowed to spend themselves in mere feelings, lose 
not only their vividness, but their vigour. They may con- 
tinue to delude their possessors with the idea that they have 
really the feelings of compassion, because, Srom long habit, 
the tear starts at the tale of woe; but if compared with their 
former state, they would appear lifeless ; and they must be 
pronounced worthless, because they are unproductive of 
any efforts, or privations, for the good of others. 

It is true there are, in many instances, means of increas- 
ing the causes of feeling, where the same causes would lose 
their efficacy, at least their impressiveness. The pleasures 
derived from the discharge of duty, for instance^ are all 
self-consistent ; and they spring from such numerous and 
copious sources, that they increase by employment, in sta- 
bility and vigour, as well as purity ; but we think it cannot 
be denied, that even these lessen in vividness in the middle 
and later periods of life. Such indisputably is the general 
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law of our frame. Familiarity with any feeling or impres' 
sion renders it less vivid. 

Connected with theise remarks, we must add, that thefeeU 
ings should never be excessively excited. Repeated and strong 
excitement of feeling, is usually followed by inaUlity to 
derive pleasure even from those external objects, which, if 
the mind were in its natural state, would readily yield it; 
— by inabiKty to relish the common comforts of life, or to 
engage with satisfaction in its common duties ; — and in* 
deed, for a time at least, by inability to enjoy again those 
emotions which, while they lasted, seemed to raise the mind 
to the highest d^ee of felicity. 

Excessive excitement of feeling, be the object what it 
may, is always attended with similar effects ; and those 
ought to be more carefully guarded against, who are most 
prone to it,' whose feelings are lively, and whose imagin- 
ation is strong. It is very apt to make the thoughts and 
desires centre in personal happiness. There is a foirtuousj 
a religious sensibility; and where this is properly regulated, 
it conducts to high excellence of character : but there is 
also a selfish sensibility, acutely alive to every feeling and 
want which respects itself: there isa morbid^ a sickly sensi- 
bility, which spends itself in feeling, which seldom pro- 
duces any valuable exertions, which shrinks from self-denial 
and privations, which makes even benevolence itself a 
burden ; and this is oflen originally produced, or greatiy 
cultivated, by excessive excitement of feeling. 

Where the sensibility is directed in a religious channel, 
there is oflen great necessiiy for caution. Where the feel- 
ings are not employed as the actuating motives to that 
regulation of the dispositions and the conduct^ in which 
religion really cotisiists, however much they may be made 
to light up the flames of enthusiastic emotion, of imaginary 
piety, they will by degrees lose all their real worth, acquire 
a merely selfish character, and at last sink into a state in 
which the whole power of religion will be lost Whenever 
any one perceives such tendencies in his mind, since they 
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conduct to these deplorable eflPects, he should be pecQliariy 
careful to avoid the indulgence of those feelings whidi have 
no direct reference to duty and the welfare of others, and 
the excessive indulgence of any ; to endeavour as much as 
possible to employ the feelings in some useful channel, and 
to attend to the common concerns and duties of life; and 
to confine himself in a great measure to those pursuits, 
whose direct tendency it is to strengtiien and cultivate the 
powers of the understanding, to the paitial or entire exclu- 
sion of those which enliven and excite the sensibility and 
the imagination. 

It is of great importance to be borne in mind, in every 
stage of moral culture, that where any part of the system 
of feeling is unduly called into exercise, it increases the 
irritability of the whole : that the physical powerfully acts 
upon the mental sensibility, and this in turn upon the 
physical sensibility : that whatever increases the pleasures 
of sensation beyond their natural state, must also increase 
the susceptibility of the sensible pains : and that tlie in- 
fluence of these upon the happiness, (when they arise from, 
or are accompanied by, an excessive irritability of tbe 
nervous system,) far exceeds that of the sensible pleasures 
arising frt>m undue excitement of body or of mind. 

V. Affections (whether of love or hatred, of desire or 
aversion,) may be eradicated, if they have not been too long 
exercised, and too long associated with the general disposi- 
tions of the mind. To destroy any wrong disposition, 
however, will be difficult in proportion to the degree in 
which it has gained habitual power, and in which it is sup- 
ported and cherished by other related dispositions. If the 
object be efiected at all, it must be by perseverance in the 
judicious and steady culture of opposing dispositions, — in 
the careful avoidance of the causes of its excitement, — and 
in the regular restraint of its exercise by connecting it vrith 
painful feelings: and the discipline of Providence some- 
times eflects what would not yield to any human discipline 
or ofForts, 
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• Hie refinement of mental pleasures or pains consists in 
their remoteness from sensation ; the disinterestedness of af- 
fections, in their having no further end than their own im- 
mediate object. 

VI. The refinement of our feelings is a very gradual pro-' 
cess ; nevertheless it cannot be doubted, that those means 
of intellectual and moral culture, which are supplied by the 
pursuits of literary, scientific, and religious knowledge, do 
greatly accelerate the progress of the mind towards spiritu- 
ality ; and this is still more effected by the gradual culti- 
vation of the motives of benevolence, and piety, and a sense 
of duty. Whatever pursuit or pleasure calls off the atten- 
tion of the mind from mere sensation, or the pleasures most 
nearly allied to it, contributes to its progressive refinement 

VIL The last of the general principles which we have to 
state, respects the disinterestedness of the affections; and as 
this is a point of a highly important and extensive applic- 
ation, and will require some enlargement, we shall make it 
the subject of a separate division. 

3. Of the Disinterested Affectiofis. 
Two opposite opinions have long been entertained, and 
are still often advanced, respecting the disinterestedness of 
the human mind. Some have maintained, that the mind, 
in all its feelings and promptings to action, is influenced by 
selfish motives ; that in fiict there is no action or feeluag 
which can be called disinterested. . Others have, with more 
success, maintained, that the mind can be, and often is, 
disinterested ; that a person frequently performs an action 
tending to the good of others, without the remotest refer- 
ence to himself, with no other motive than a desire to do 
the good which is the effect of the action. The d^rading 
system of the former is seldom adopted, except by specu- 
lative men, who have been led by circumstances, happUy 
not universal, to see merely the dark side of human nature, 
and to form a more gloomy picture of its selfishness than 
truth would allow; or by others, who have expected too 
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much from the beautiful speculations of theory, and having 
been disappointed by comparing them with their own feel- 
ings in many instances, or with the general conduct of men, 
have thence gone to the unfounded opinion, that all the 
actions of all men are selfish. But many of those who are 
undoubtedly right in the pleasing belief that the afiections 
and motives of men are often characterized by disinterested- 
ness, have gready erred respecting the nature of it. PVom 
attending to its state in their own minds, or the minds of 
others, where it is habitual and extensive, and forgetting 
the stages which have led them to this noble eminence^ 
they have supposed disinterestedness to be an innate prin- 
ciple of the mind, and the first step towards true worth of 
character, whereas it is in reality the last. They have, 
therefore, decked the commencement of virtue in colours 
which belong only to its completion : and hence two prac- 
tical ill consequences have followed; some persons have 
neglected the culture of disinterestedness, both in their 
own minds and in those of others, from supposing it to be 
a necessary quality of all virtuous- afiections ; and others 
have been driven to despair, on comparing the picture of 
theory with the faulty state of their own minds, supposing 
that they could never attain to what they see represented 
as alone entitled to the appellation of virtue. 

The more correct views, surely, are, that disinterested- 
ness is the last stsge of an affection; that it maj be hast- 
ened by attention to the culture of the affection, or retarded 
by the neglect of it ; and that disbterestedness, as the ge- 
neral character of the mind, is the highest point of excel- 
lence, and what should be our object, but can only be 
acquired by a long course of religious culture. 

When explaining the few qftransferetice^ we showed how 
it operates to charge means into ends, and causing that which 
was at first an object of love and desire, as a means^ to be 
loved and pursued on its own account. It may be useful 
to apply "this principle to the formation of disinterested 
benevolence. 
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Every human being receives his first pleasurable impres- 
sions in society. His appetites are gratified by the assist- 
ance of those around him ; and probably there is no agree- 
able feeling which is not, in some way or other, associated 
with those who attend him in the period of infancy and 
early childhoodr Hence arises sociality^ or the pleasure 
derived firom the mere company of others; and, as the 
child increases in years^ the associated pleasure increases 
almost continually. In the innocent and generally happy 
period of childhood, he receives all his enjoyments in the 
company c^ others; most of his sports and amusements re- 
quire a playfellow ; and if by any untoward circumstances 
he is prevented from joining his companions, he feels an 
uneasiness which it is scarcely in his own power to remove, 
but which vanishes as soon as he can rejoin them. — - But 
his happiness derived from others, depends greatly upon 
the happiness of others. He is happiest when those around 
him are happy ; partly fi'om the contagion of feeling, and 
partly because his means of happiness considerably depend 
upon the convenience of others. If his compani<His are ill, 
his sources of pleasure are diminished : if his parents are 
unable to take their customary care of him, he misses it 
in various ways ; he loses the caress of affection, or the 
little kindnesses of parental tenderness. Hence the^com- 
fort and happiness of others necessarily become the object 
of desire ; and even in young children, it not unfrequently 
happens that this desire becomes sufficiently disinterested, 
to lead them to forego small pleasures, or endure small 
'pains, in order to increase the comfort of their parents, or 
to prevent what would diminish iC 

Beneooience is that afiection which leads us to promote the 
welfiu*e of otliers to the best of our power ; and general be- 
nevolence is founded upon particular benevolence ; for in- 
stance, upon affection to parents, or other near connexions* 
We have seen its rudiments, and it may be well to pursue 
it further. — The endeavour to promote the comfort or 
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welfare of others, is, in the early part of life, almost mva- 
riably followed with aii increase of pleasurable feelings. 
Parents approve these endeavours and tell their children 
that God approves of those who try to do good to others. 
Children and young persons are continually feeling and 
observing the good efiects of ben^olence, as manifested in 
their own conduct, or in that of others; and hence, in 
well-disposed children, the pleasurable feelings associated 
with benevolent actions, are very strong: they are very 
glad to see others made happy, and very glad to be en- 
abled to make others happy: and the pleasure derived from 
the approbation of others, and the approbation of their own 
minds, the increase of good-will in the person benefited, 
and the expression of it, the accordance with all the religi- 
ous feelings which are possessed, and various other cir- 
cumstances less general, associate together, such a stock of 
pleasurable feelings with the doing of good to others, that 
by degrees, in some or other of its branches, it is an object 
of desire altc^ther independently of any consideration be- 
yond itself. 

A person who ^ has completely gone through this pro- 
cess, desires to benefit others, without any reference to his 
own personal benefit, in this world or even in the nejLt : 
he employs the difierent opportunities which present them- 
selves to him of doing good to others, without think- 
ing of any thing more than the immediate object. If 
it call for great exertion on his part, or great eflbrtsi 
of self-denial, he brings to his aid the desire of follow- 
ing the dictates of duty, or of obeying the commands of 
God ; and where his benevolence, his love of duty, and 
his love of God, are in a great degree purified from 
self, (and in proportion to such purification,) he will 
forego great pleasures, and endure great pains, with- 
out a thought beyond the production of the good which he 
has in view, and obedience to God and conscience. Such 
heights of excellence are seldom attained without a lari^e 
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piroj[)ortion of the discipline of trial and affliction ; and they 
implj' the suitable improvement of it : but a less and not 
despicable height is often observed. 

There are few points in moral investigation more inter- 
estingy or of greater practical value, than the tendency to 
love^ and to desire to promote, objects which have no imr 
mediate connexion with our own good, without any reference 
to our own good. That the human mind is capable of 
gross selfishness, which defies all present discipline to cor* 
rect, is a fact which cannot be denied, and which should ex* 
cite our vigilance and concern. But it is no less a &ct, that it 
is also capable of disinterestedness, which shall run through 
the whole of the conduct, and prompt uniformly and stead- 
ily to the promotion of others' wel&re. The earliest plea- 
sures are personal ; we would not call them selfish^ because 
the term is appropriated to those feelings which have an ex" 
jplieU reference to our own real or imaginary good, and which 
prompt to this even at the expence of others. In this sense 
the human mind cannot with the least propriety be said to 
be originally elfish ; but its earliest pleasures are personal, 
and its earliest desires are consequently personal. Its in- 
terest in the pleasures of others, arises originally from the 
connexion of them with the personal pleasures; and, con- 
sequently, the love of others, and the desire of benefiting 
them, are originally interested ; that is, they arise from die 
dependanceof its own personal pleasures on their pleasures. 
There is nothing criminal in all Uiis ; it is according to the 
laws of our mental frame: the mind is criminal only when 
it rests here, fbr it cannot without being wrongfully im- 
peded. If the progress go on as it ought, the desire will 
be gradually transferred from the original end, personal 
pleasures, to the good ofothers^ the original means; and this 
then becomes the end^ and tlie desire is disinterested. 

We may, then, with the consistency of truth, indulge a 
delightful view of the tendencies and capacity of our na- 
ture ; and hold up as the object of our steady exertion^ 
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after moral improvement, that state of mind, in which 
to perceive a practicable means of promoting the good 
of others, and to employ it, will be invariably connected, 
without any intervening bond of union, without any 
other motive co-operating, but what is as pure as its on 
benevolence. 

Similar remarks might with equal truth be made respect- 
ing religious obedience, and a sense of duty ; but we must 
leave this application of the foregoing principles to the 
intelligent reader. It may, however, be well to observe^ 
that the cultivation of ^e religious a£fections, and of a 
habitual sense of religious duty, has a most beneficial effect 
in elevating the mind towards general disinterestedness. 
The hopes and fears of religion, have themselves a purify<- 
iog influence : and no motive can have a more direct and 
powerful tendency (proportioned to its own strength and 
consistency,) in giving firmness and purity to the moral 
principle, than a habitual regard to the will of an Om^ 
nipresent Being, and a habitual desire of his appro- 
bation. 

No one can, with justice, think less highly of the prompt- 
ings of disinterestedness, because it can be shown to arise 
fi^m a meaner origin. Ought we not rather to admire the 
height which has been gained^by a steady ase of the general 
means of worth, and by a right employment of the dicipline 
of Providence ? Is his conduct less lovely, who has gone 
through the trial, and brought from it disinterestedness, 
which prompts to efforts of the noblest kind for the good 
of others ? — The opinion that the mind is original^ dis- 
interested, may in some points of view be pleasing ; but in 
others it is the contrary : it diminishes the value of the cha- 
racter where it exists, for constitutional disinterestedness 
could have no more merit than the possession of a good sight; 
and it damps too the efforts of the mind to obtain disinterest- 
edness. Those who find themselves deficient, who discover 
feelings which disinterestedness cannot approve, have, on 
the principles which we have been aiming to illustrate. 
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the best encouragement in their endeavours to transfer their 
affections from self. These principles lead too, humbly 
and gratefully to acquiesce in every means which Provi- 
dence may appoint, to discipline the mind, and to purify 
it from all chat can debase. In short, they point the view 
to the highest excellence, and direct to the means of attain- 
ing it. 
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UNDERSTANDING. 



Source of error respecting its operations— Consciousness — Attention 
— Obsermtion — Reflection — Thinking — Meditation — Habit of 
Abstraction — Pbwer of Abstraction — Words — General notions of 
sensible objecto — Afiections associated with words «- Words denoting 
objects not sensible — Import of i^ords often gained indirectly — 
Words often substitutes for other words — Judgment — Reasoning 
-^- Invesogation. 

1h£ term Vndet^standing^ in its most extensive appli- 
cation, clearly includes all our intellectual operations ; but 
we here use it in the narrower sense already stated, to de- 
note that power of the mind, by which it contemplates ideas 
and sensations (consi(^ed as such) and its own various 
operations; by which it discerns the relations that esdst 
among the objects of perception and thought; pursues 
truth ; and assents to propositions, or dissents fix>m them. 

The discussion of this faculty involves the most di£Bcult 
and intricate questions in mental philosophy ; and all that 
we can attempt is, to give such elementaxy ideas as may 
put our young readers into a proper track for investigating 
the subject for themselves. The operations of the under- 
standing have so extensive a range, and such a variety of 
objects, and it is so difficult, in many cases, to ascertain 
iheii- precise nature, that there is abundant room for the 
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exercise of this power, during the whole of life, in the ex- 
amination of its own processes. Much has been written 
on die subject : and from diflFerent writers, many valuable 
hints may be derived ; but almost all have erred in con- 
sidering diose processes in too limited a point of view. In 
the second volume of Mr. Stewart's Elements, that philoso- 
pher justly attributes some of the errors into which his 
predecessors have fallen, to their considering the intellec- 
tual processes employed in mathematical demonstration, as 
exactly similar to the acts of reasoning and judging on other 
subjects ; and it appears that he has fidlen into the same 
error, in his remarks connected with abstract or general 
reasoning. Indeed, when xeading Mr. Stewart's highly 
valuable and interesting works on Mental Philosophy, it is 
necessary to remember that he has not embraced the theory 
of association in that extent, which alone could enable him 
to see the real nature of the proceedings of the understand- 
ing in various cases where the operations of the mind, and 
the operations of language are connected together. 

In our brief view of this faculty, we shall offer a few 
remarks under the head of Consciousness, Attention, Ob- 
servation, Reflection, Thinking, and Meditation, — Ab- 
straction, — Words, — Judgment, Reasoning, and Investi- 
gation. 

Consciousness is that property of the mind, by which 
it is capable of being affected by the mental changes ac- 
companjring sensations and ideas. It is in fact, the notice 
of the mind itself; and the term is, in the most appropriate 
sense, applied to that state with which every mental change 
or operation is attended, provided it in any degree excite 
the notice of the mind. It is by consciousness alone^ tiiat 
we have any knowledge of the other powers of the mind ; 
and when directed to their operations, tiie appellation is 
peculiarly appropriate. When it is excited by sensible 
' changes, it is usually called perception : consciousness re- 
ferring to the operations of the mind as such ; perception, 
to them as produced by external objects. We are conscious 
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of ideas and sensations ; we perceive the external objects 
which produce impressions on the senses. 

When the notice of the mind is continued to any parti- 
Guhir object, or succession of objects, whether or not that 
continuance is caused by volition, the state of mind is called 
Attention. When it is brought so far under the power 
of the mind, that it can be produced by direct volition, 
then it is with propriety termed the Power ofAltenlion. 

We have no doubt that many corporal, and even mental 
operations, may, when thoroughly habitual, go on without 
exciting the attention of the mind : but without entering 
here into that difficult question, we may state, as more ini« 
portant, that before any operation of the mind is become 
habitual, the exercise of it requires the direct notice oi tlie 
mind ; — that attention is requisite to render sensations 
efficacious ; — that every exercise of the understanding re- 
quires it ; — and that the habitual power of employing it, 
in the direction which the judgment poiixts out, may be re- 
garded as what is most necessaij for the attainment of the 
highest degrees of intellectual culture. In this perfect 
state, it is very rarely to be met with ; but in a considerable 
degree it is frequently acquired ; and some good portion of 
it is so important in every stage of the mental progress 
that the formation of the habit cannot be too early, begun, 
nor the cultivation of it made too steady an object 

When the attention is directed to external objeets, it is 
called Observation. The term is one of such familiar, 
and generally appropriate use, tliat it can scarcely be mis- 
understood : it is applied to the attention, solely as directed 
to the present objects of perception, leading to thought res- 
pecting them. 

To observe with effect, requires patient and frequently 
repeated attention. To observe is not merely to see; but 
to see so as to perceive that^ whatever it be, of which tiie 
ever active principle of association has made tlie visual sens<- 
ation the symbol, or index ; and the more the observation 
is well employed, the more will be brought into the view 
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of the mind by sensations, which to another would not 
conduct one link in the chain of thought 

The habit of observation depends in part upon the ge- 
neral culture of the mind^ especially upon the associated 
thou^ts and feelings connected with external objects. 
The poor plough-boy, with aU the advantages that his 
rustic employments afibrd him for the excitement of his 
observation, will often be found extremely deficient m that 
habit ; his perceptions are dull, and his mind is scarcely 
awakened. ' Sensations oflen repeated, without any asso- 
ciations being formed with them, cease to excite the notice 
of the mind ; and where the work of instruction has been 
totally n^ected, (as unhappily it so oflen is among the 
poor in country situations,) the noble powers of the mind 
lie dormant: there is nothing to rouse its capabilities, se- 
parate from the narrow round of the daily employments : 
these soon become mechanical, and cease to excite its ex- 
ertion : and as &r as intellect is concerned, the situation of 
the labourer is surely less favourable than that of the un- 
tutored savage, whose ingenuity and observation are sti« 
mulated by the necessities of life. 

The habit of observation is of essential value in every 
branch of education, and in every department of life. The 
successful acquisition of every science depending upon ex- 
periment, indeed the acquisition of knowledge of every 
kind, which depends upon the exercise of die peiceptive 
power, — the cultivation of the taste, — the common con- 
cerns of life, — the intercourses of civility, — and the efforts 
of benevolence, require the constant exercise of the observ- 
ation. By a proper cultivation of it, the memory and 
judgment are directly cultivated ; and while it strengthens 
and rouses tlie energy of the .mind, it furnishes it with some 
of the most serviceaUe materials for the understanding ami 
the imagination. 

When the attention of the mmd is directed to its own 
states, affections, and operations, it is termed Reflectiox. 
As observation commonly implies some exercise of the rea* 
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soning faculty, so also does reflection ; but simple attention 
to our own thoughts and feelings, and to our manner of 
thinking and feeling, is in the strictest sense reflection. 
The term is however used in cbmmon I|mguage much more 
extensively, to denote the attentive consideration of any 
subject of thought* 

"When the mind is employed in the consideration of any 
object of thought, it is sdd to be thinking. In a wide 
sense, this term includes every intellectual operation; in 
other words, it includes whatever may be called an act of 
the understanding, that is, every act of the mind properly 
so called, except sensation and feeling. But it appears 
most appropriate to that state in'which the mind is actively 
employed in the consideration of thought, whether of its 
perceptions, notions, or feelings. The term thought has 
two significations, the act of thinking and the sidgect of 
thinking. Considered as denoting the subject of thinking, 
it nearly corresponds with idea, notion, opinion, &c. 

When the mind is left in its trains of thought very much 
to tlie operation of the associative power, without any 
direct restraint upon it, from without or within, its state 
is termed Meditation ; which bears nearly the same re- 
lation to the understanding, that reverie does to the ima- 
gination. The term is however used where the mind is 
more actively engaged, particularly on serious subjects of 
thought It does not very greatly differ in its import irom 
contemplation, but this term often appears more particu- 
larly to refer to the fields of obseivation, ratlier than of ?r- 
Jlection. 

Of t/ie Habit of Abstkactiov, When die attention is 
directed to some particular object of thought, so as to pre- 
vent its being diverted to any other object of thought, or to 
any external impression, it is denominated Abstraction* 
This state of mind has seldom been dignified with the name 
of abstraction, except when directed to objects out of the 
common sphere of thought; but Miss Edgeworth has shown, 
by her usual happy method of illustration, that it is the 
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same habit or exercise of mind, whether it be devoted to 
the highest flights of philosophic pursuit, or to the usual 
concerns of life. '* Persons of ordinary abilities," she 
justly remarks, *' tradesmen and shopkeepers, in the midst 
of the tumult of a public city, in the noise of rumbling carts 
and rattling carriages, amidst the voice of a multitude of 
people talking upon various subjects, amidst the provoking 
interruptions of continual questions and answers, and in 
the broad glare of a hot sun, can command and abstract 
their attention, so far as to calculate yards, ells, and 
nails, to cast up long sums in addition, right to a farthing, 
and to make multi&rious bills with quick and unerring 
precision." 

The habit of abstraction is dq)endent upon various 
causes ; but every person to whom the attainment of it is 
necessary, finds it susceptible of culture. It much depends 
upon the &miliarity of the impressions which are otherwise 
most likely to affect the mind. Novel impressions from 
external objects, by their novelty, attract the notice of the 
mind, and tend to distract the attention. Sensations which 
have been long and closely connected with trains of thought 
or feeling, are calculated to divert the attention. Objects 
to which we have been accustomed to attend, in like man- 
ner solicit tlie notice of the mind from those to which we 
may otherwise wish to attend. In situations, therefore, 
where we receive novel sensations, unless there is a pro- 
portionate devotement of the mind to the object of its at- 
tention, these will at first distract the attention ; and so on 
in other cases. Abstraction depends too, in part, upon the 
physical state of the system. If the nervous system is in- a 
strong degree of excitement, external impressions propor- 
tionally afiect the mind, and, of course, tend the more to 
distract the attention. Abstraction is likewise seriously 
impaired, by a general tendency to dwell upon the directly 
selfish feelings, whether pleasurable or painful ; for (since 
these are constantly present to the mind, and constitute the 
most powerful agents, in their immediate efi*ects upon the 
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mental system), the habitual tendency to give attention to 
them, puts an almost total stop to any valuable degree of 
abstraction in favour of those objects which are not imme- 
diately connected with self. 

The power of directing the mind to objects which a£brd 
no impression upon tlie senses, and even in opposition to 
those which do, is of extreme importance in the later pe- 
riods of mental culture. Carried to an undue extent^ this 
habit is unsuitable to our situation as social beings : but 
there is scarcely any plan of life in which it is not in some 
measure requisite; and in the pursuits of science, whether 
physical, or mental, it is continually required, and con- 
tinually strengthened by exercise. It is even very impor- 
tant in the events of life. It constitutes the leading feature 
of that quality which we call presence of mind, and which is 
so often of signal service to our wel&re, and even to the 
preservation of our lives. And this habit is essendally re- 
quisite in our moral and religious culture* The acquisition 
of religious knowledge constantly implies the employment 
of abstraction : in the exercise of religious affections it is 
absolutely necessary ; and in the discharge of duty, in. op- 
position to strong temptations, tlie power of fixing the at- 
tention upon those views and principles which ought to 
guide us, is of the utmost importance. 

Of the Power of Abstraction. The word Abstraciian 
is also used to denote the jxrvoer which the understanding 
is supposed to have, of separating the combinations which 
are presented to it. In many cases, however, the under- 
standing has no such power ; it is impossible, for instance, 
to form a conception of extension, without some idea of co- 
lour, or of letigth without breadth. But the abstractive power 
is, after all, nothing more or less than the i^wex cf separate 
attention, the power of attenduog to one idea distinct fix>m 
the combinaticm in which it occurs, — of attending to one 
part of a conception distinct from the rest, and perhaps by 
degrees, of forming a conception of that part detached from 
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the rest, — of attending to one quality or ciiruRistanoe 
separate from other qualities or drcumstances with which 
it is connected in nature, or in the mind. This power is 
necessary in almost every process of reasoning, and it is 
the foundation of an accurate discriminating judgment. 

The involuntary exercise x>f the power of abstraction, is 
very often produced by the m^e influence of association, 
or without any voluntary effort ; and sometimes by the in- 
fluence of the sensations themselves. But the exercise of 
it is often, in a great measure, voluntary ; and though that 
degree of this power, which shall completely separate at 
once the combinations which are presented to it, is profaebly 
altogether chimerical, yet we may acquire it to such a de- 
gree, that the objects which we wish to exclude from the 
attention, shall not aflect our reasonings, and but litde even 
our feelings. 

The abstractive power is brought continually into ex- 
ercise in all the leading objects of intellectual occupation, 
and hence one advantage of the pursuits of literature, and 
still more of those of science. And it is of the utmost conse- 
quence to habituate the mind to separate the combinations 
presented. to it, in order that those hasty, casual, and erro- 
neous associations may be weakened,' which so often com- 
pletely mislead the judgment; and which, where they do 
not directly and obviously affect it, imperceptibly warp it, 
and materially increase the difficulties which obstruct the 
reception of trutli. 

Words. 

The philosophy of language presentis a wide field of in- 
vestigation to the mental phQusopher ; aiid it is impossible 
to advance a step, without perceiving the ojieration of the 
associative power. Indeed it is solely owing to this pnn- 
ciple, that words and phrases excite ideas ia our mind; 
and articulate sounds and their visible representauons, are, 
by their variety, number, and ready use, peculiarly fitted 
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to denote and suggest by association, both our simple idea^^ 
and our complex notions and feelings, fonned from them. 

Mr. Stewart has more than once sdd, that '* many au- 
thors have spoken of the wonderful mechanism of speech, 
but none has hitheito attended to the' fiir more wonderful 
mechanism which it puts into action behind the scenes." 
In Hartley's Observations, however (prop. 79, 80,) our 
readers will find many important illustrations of the pro- 
cesses of the mind in connexion with language; and thoa^^h 
they may be considered only as a basis for investigation, it 
is one on which we may build with the utmost security, 
because it is itself founded upon the established principles 
of human nature. They will also be found, divested of 
some of the peculiarities of Hartley's phraseology, in Dr. 
Rees's Cyclopedia, Philosophy Mental^ VIIL 3. — To 
these sources we must refer our readers for further inform- 
ation. 

It is so obvious that the names of particular sensible ob- 
jects, qualities, or actions, are connected by association, 
with the things denoted by them, and with the correspond- 
ing ideas, that we need not enter at all into this part of the 
subject. But in a variety of cases, words do not stand for 
an individual alone, but for any individual of the same 
class ; not for a quality as seen always in connection with 
the same qualities, but for the quality itself in whatever 
connection it is presented to the mind. — Now by the well- 
known law of association, if the same word is applied to a 
number of objects, it will become connected With all the 
simple ideas derived from those objects: these ideas become 
blended together, and form one complex notion with which 
the word is connected, and which it may excite. In this 
complex notion, the idea of those parts or properties which 
the objects all have in common, must be most impressive 
and vivid; and to this accordingly the attention is most 
directed, when the complex notion is suggested to the 
mind. Every impression that is made upon the senses by 
the objects to which the word U'ee (for instance) is applied^ 
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leaves some elementary ideas associated with it; and these, 
being combined together, form the complex notion which 
we perceive in the mind, when we hear or see tlie word. If 
we dwell at all upon it, we usually perceive the particular 
idea, or conception, of some one object of the class ; some 
one to which we have paid peculiar attention, or which is 
peculiarly fiuniliar to the mind : but when the word tree is 
used without our dwelling upon, or particularly attending 
to, the idea connected with it, we find it excite in the mind 
a fiiint notion, the parts of which are in no way distin- 
guishable. This is not a conception^ or (as we may term it, 
by way of illustration,) a picture of any tree ; but a com- 
plex notion, derived from a variety of impressions made on 
the mind by the objects termed trees. The complex notion^ 
(which is usually faint from its extreme familiarity,) and 
the conception of an individual object, are two distinct ideas. 
They may be perceived separately from each other ; but 
the comples notion connected with the appellative or. 
general term, will usually be found, if the mind dwell at all 
upon it, to excite a conception of an individual ta which 
that term is applicable. Thus the words kousey skop, tree^ 
&c., have undoubtedly faint complex notions connected with 
them : without any conception of an individual house, shop, 
tree, &c. we perceive at once a difierent feeling in the mind 
when each is pronounced, altogether independent of the 
difference in the sound ; but if the import of the terms 
becomes the-bbject of particular attention, we can scarcely 
avoid picturing to the mind an individual house, shop, or 
tree ; that is, forming a conception of it 

This we believe to be a correct account of the nature of 
general ideas, respecting which so much dispute has arisen 
among philosophers; aiid it is obvious that it can only be 
explained by the agency of association. Some have sup- 
posed that we have ho idea connected with a general term, 
except the conception of an individual to which the term is 
applicable ; and others appear to have imagined tliat we 
can form a conception (of a triangle, for instance,) which 
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shall have none of the peculiarities of individuals. Tlie 
last is manifestly impossible, for a conception roust from its 
very nature be the idea of an individual : that the other is 
not the &ct, may, we think, be left to the plain sense of 
any one capable of reflection on what passes within him. 
When we use the appellative bird^ we certainly have a dif- 
ferentfeeling (to use the term in its widest sense) from what 
is excited by the wordjis/i;. and this before we form a con- 
ception of any individual bird or fish. And this feeling 
can be nothing else than the complex notion formed fix>m 
th$ relics of all the impressions made on the mind in con- 
nexion with the word bird or Jisk, 

When we are reasoning respecting classes of sensible 
objects, or using words denoting them, we may perceive 
that the words sometimes pass with very faint notions ; at 
other times they excite a conception of some one of the 
class, but with the generic qualities most vivid, and the 
others producing only a slight impression ; and at others 
again, the conception of an individual may be distinctly 
perceived. The last is most commonly the case, where 
the conception is one easily formed; where any circum- 
stances have led to recur often to an individual ; and where 
the characteristic properties of the class are striking, and 
do not present themselves with any. remarkable diversities 
in the impressions made by individual objects. It is almost 
impossible to reason about cirdes without having at least a 
faint conception of a circle in the mind; but when we 
speak of insect^ we can easily perceive the complex notion, 
without the conception of any particular insect. — It is pro- 
bably in a great measure owing to the readiness with which 
we form distinct conceptions of geometrical figures, that 
some philosophers have been misled as to the nature of 
what are termed abstract or general ideas. 

But beside the intellectual notions derived at once from 
the impressions produced by sensible objects, they often 
raise, by association, numerous feelings in the mind con- 
nected with the affections; and these are also raised up by 
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the word through the influence of association. So that the 
term will not only become connected with the idea directly 
derived through the sight, or any other sense, but with all 
those feelings and notions which, through any circum- 
stances, have been associated with the object denoted by 
the term. Thus the words my father^ not only raise in the 
mind a conception of the visible appearance, but a complex 
feeling derived from all the feelings which have been directly 
or indirectly associated with that parent: and the very term 
will in one be attended with a glow of pleasurable feeling, 
which another may in no way experience. The vividness 
of the associated feeling in such cases depends upon various 
circumstances ; and the variety of them in different indivi- 
duals, furnishes some of the most interesting illustrations 
of the power of association. In some states of the mind, 
those words will barely raise a Sunt complex notion of the 
objects denoted by them, which at other times would excite 
pleasurable feelings amounting to emotion; and similar 
difierences may be observed in different individuals at the 
same time. 

There is no room to doubt that the same processes take 
place with respect to the words which denote properties not 
the direct objects of sensation. Whenever the circum- 
stances or. properties which a term denotes, produce impres- 
sions in the mind, the ideas of these are associated with it ; 
and as the term in some measure recalls them every time 
it is thoughtfully employed, these ideas become blended to- 
gether, so as to form a complex notion, which is faintly or 
strongly excited by the term, according to the degree of 
attention which we give to it. Thus the word tight is, from 
a very early period, associated with a variety of impressions, 
which all furnish some of the component parts of the very 
complex feeling connected with the term. We may not be 
able to define it; we may not be able even to say why we 
apply it to any action or quality : but whether our appli- 
cation is exactly just or otherwise, we have associated with 
the word a complex feeling of which we can scarcely fail to 
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be conscious, whenever the word is used with any degree of 
attention. We call it with less difficulty a complex feding* 
because it is a term in wfaidi the fl[^e/tcms are quite as much 
concerned as the intellect s but those who are accustomed 
to view rigJU as an object of the understanding merely^ will 
have less ct feeling associated with the word than those 
who think of it also in connexion with the affections. 

The greater the diversity of circumstances in which an 
intellectual term is employed^ (unless the^t^res of resem- 
blance are very striking,) the more difficult it b to analyse 
the notion which it suggests. We may get a criterion foe 
the proper application of the term ; in other words, a defi- 
nition : but that definition will seldcHu come up to the com- 
plex notion or feeling associated with it. For instance, we 
may say, that right denotes the con/brmii!^ cf actions to a 
nde of duty; but there can be little doubt that this does by 
no means convey the whole of the complex idea of rights 
as it is found in any cultivated mind. 

Words denoting qualities not s^isible^ may finequently 
excite faint conceptions of sensible circumstances with which 
they have been associated, and fix>m which th^ have fle<- 
rived part of their component ideas. For instance^ after 
reading of some remarkable act of jusdoe, and picturing the 
circumstances to our minds, we may, for some time after, 
have a (aint conception of those circumstances exdtedby the 
word Justice^ especially if it be the object of thoughtful 
attention. But altogether independently of any sensible 
impressions of that nature, words denoting qualities not 
sensible, do indisputably raise up in the mind complex 
notions or feelings even when used alone. We cannot 
doubt, that all persons have a di£ferent feeling in the mind, 
when they read or hear the word shame^ from that which 
xnrtue excites, without their stopping to think of any par- 
ticular act of virtue, or of any instance in which the feeling 
of shame has been produced : and altogether independently 
of the mere sensible difference of the two words. 

We dwell the longer on this point, because mbtakes re- 
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specting it aire very prevalent, owing in a great measure to 
the authority of a philosopher, whose writings cannot fail 
in many parts to delight and instruct all who have culture 
of mind enough to understand them. If what is stated at 
the dose of the last paragraph be the fact, and we cannot 
doubt it, he is altogether in an error with respect to the 
ideas connected with general terms. In these investi* 
gations we naturally begin with terms denoting classes of 
sensible objects ; and there, as we have already observed, 
conceptions' «re continually interferbg. But with terms de- 
noting properties or circumstances remote from these sen« 
salions, we often have no conceptions associated; thqr 
raise none in the mind, except in peculiar cases ; and yet 
when we pronounce, or hear, or see, the words, we have a 
complex notion or feeling in the mind, alto^ther different 
from that excited by other words whose import is different. 

But words gain associations in our minds independendy 
of the actual impressions derived from the qualities or cir-' 
cumstances which they denote. We learn the import of 
many by impressions produced through the use of them by 
others. Every instance in which the general import of a . 
sentence is understood, leaves some impression with respect 
to any word in it, whose force was not previously understood ; 
and the ideas derived from these, (undergoing various 
changes, correctioiu^ and additions,) by degrees form a 
complex.notion, which at least corresponds in a sufficient 
degree with that assodated with the word by others. In 
this way we associate ideas with such abstract words as 
existence^ identity^ &c. And in a similar manner we acquire 
the proper use of many of those words called partidesj 
whidi of themsdves have little or no import, but contribute 
to the precision of language, by enabling it to convey better 
the niceties of thought 

One other class of words we must briefly notice, consist- 
ing of terms occurring in all branches of knowledge, as well 
as in common life, which are merely compendious substitutes 
for other words. Such, for instance, is the term astronomy ; 
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which denotes the science that explains the phenomena of 
the heavenly bodies. This class is very extensive: such 
words sometimes suggest the words of the definition ; some- 
times the notion, which the definition, taken as a whole, 
conveys ; and sometimes, particular species comprehended 
in the general term. Thus, suppose a person to have met 
for the first time with the term virtue, and to have found 
th A it denoted the conformity of actions or dispositions to 
the win of God ; whatever idea this phrase conveyed to the 
mind, (either from its component parts, or as a whole,) the 
term viriue would by d^rees convey : and sometimes, when 
using the term, he would think of the words of the definition, 
sometimes of their general import, and sometimes again of 
particular classes of virtues, such as truth, justice, &c., or of 
striking circumstances coming under the head of virtue. 
By degrees, however, his complex notion associated with the 
term, would consist of ideas derived firom all the cases in 
which it had been attentively employed. 

We have here been endeavouring to give some notion of 
the true theory of words. Abundantly more might be said, 
but we shall be satisfied if we have said enough to set our 
readers to think for themselves ; only requesting them to 
observe, when they are endeavouring to detect the processes 
of thought, that too earnest attention to these processes 
often carries them on beyond the point at which we wish to 
consider them, or altogether changes the current of thought. 
— Under the head of Logic, we shall have to make a few 
other remarks connected with the subject : and shall here 
only observe fiirther, in the words of Hartley, as a general 
and most important conclusion, that ^^ since wonls thus 
collect ideas from various quarters, unite them together, 
and transfer them both upon other words and upon fbre^n 
objects," (objects having no sensible connexion with those 
ideas,) " it is evident that the use of words adds much to 
the number and complexity of our ideas," (both notions and 
feelings,) « and is the principal means by which we mako 
intellectQal and moral improvement." 
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Judgment, Reasoning, Investigation. 

Tbe characteristic fiunilty or capacity of the understand- 
ing, is the power of comparing the difierent objects of 
thought, and discerning the various reUUums which exist 
among them ; such are those of identity, simihurity, equality, 
proximity, continuity in time and place, difierence, dissimi- 
hurity, cause and efiect, &c. The receiving of a sensation, 
and the recurrence of an idea, even when these are made 
the objects of an attentive consideration, do not necessarily 
involve in them any comparison with another : and Comf 
parison is therefore to be regarded as a distinct act of the 
mind. The paper we are writing upon is rectangular ; and 
if we form a conception of it, we have the same appearance 
as the original sensation presented ; but the mind cannot, 
with any degree of propriety, be said U> judge, when it 
merely forms that conception, or receives the corresponding 
sensation. As soon as our attention is directed to the 
form of the paper, and by comparing it with the idea an- 
nexed to the word rectangular^ we perceive the agreement 
of the form with the import of tbe term, we form a judg- 
ment, and the operation of the mind is well called judging. 

It was some years ago proposed by the present highly 
respectable Professor of moral philosophy at Glasgow, to 
give the appellation h^Uechml Perception to that power of 
the mind, by which \fe perceive relations subsisting among 
the various objects of thougbu This power may be com- 
prdiended under the more general head of Judgment, under 
which we may include three operations of the mind: 1st, 
The' attention to different objects of thought, considered as 
different, with a view to ascertain their mutual relations or 
connexions, which is appropriately termed comparismi: 
2dly, The discerning of the relation which is the object of 
the mind, winch is an equation of the intellectual perception : 
and, Sdly, Theccmsequent association of the ideas, as bear- 
ing the jobserved relation, which is, in the narrowest sense, 
thejudgment^ The first may be to a certain degree volun- 
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tary: the second depends upon the culture, extent, acute- 
ness of the discernment^ or intellectual perception, and 
cannot be said to be voluntary, any more than our sensa- 
tions are : the last is a process which, like every other case 
of association, may be made more efficadooa and perma- 
nent by voluntary effort, by directing the attention to it^ 
&c. ; but it is not in itself a voluntary operation. 

The judgment, clothed in words, is called a prapositkm. 
Every proposition expresses a connexion existing in the 
mind of the speaker, between the ideas denoted by the terms 
of the proposition, as bearing to each other the relation de- 
clared by the proposition ; but it is, we apprehend, no un- 
common error, to suppose that every proposition expresses 
a judgment arising from a direct act of judging. Passring 
by those numerous cases in which the act of judging has 
once taken place, but is no longer necessary, there is a va- 
riety of others continually occurring, where the proposition 
expresses no more than that the idea denoted by the pre- 
dicate makes part of the complex idea of the subject^ either 
universally, or at that particular time. Milk is w/uicj is a 
proposition ; but if we suppose a person, who has often 
seen milk, to state it for the first time, we apprehend no 
mental process takes place to which we can justly give the 
appellation of judging. There is no comparison, discern- 
ing, considering, and deciding as to the coincidence of 
the ideas denoted by milk and white :*he merely expresses 
a simple fact : if he has the substance before him, he tells 
you what he sees ; if he think of it, (forms a conception of 
of it,) he tells you what he recollects. 

A proposition which is merely the statement of a con- 
nexion in the mind of the speaker, in no way the result 
of consideration, but necessarily arising £rom the oper- 
afiorr of sensation and association, (without the interven- 
tion of the understanding, properly so called,) may occasion 
in the hearer*s mind a real judgment, and may even re- 
quire it, before the truth of it can be admitted. , The 
proposition may be merely the statement of a complex 
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thought ; but as the terms of it represent that thought in 
certain parts, and in succession, if the complex thought be 
not itself fiunilar to the mind of the hearer, so as to be ex* 
cited at once by the proposition, he is set by it to compare, 
to discern, and to decide; in other words, to judge. 

In a popular sense, the term judgment is used more ex- 
tensively, than in the philosophical acceptation (as refer- 
ring to a particular power or act of the mind) it can be 
well employed. It is often used with as much latitude as 
understanding. We speak of the solidity, the clearness, 
the accuracy, &c. of the judgment, or of the understand- 
ing, with litde or no discrimination ; but it will probably 
be found that the two words are often distinguished, just as 
the words undentand and Judge. The term understanding 
conveys less the idea of activity than the judgment / and 
refers more to the perception of truth, than to the form- 
ation of right notions. We might even say, that a good 
understanding and sound judgment are not inseparably 
connected. — In the wide sense of the term judgment, it is 
applicable to every act of the mind, by Which an opinion 
is formed; and, consequently, includes not only judgment, 
strictly so caUed, but extends to the whole round of asso«^ 
ciations which respect the objects of the undertanding« 
Still, even there, the communication of the judgment by 
language, and the judgment itself, are two distinct oper- 
ations of the mind ; and should in all cases be kept distinct 
by the mental philosopher. 

The foundation of an accurate discriminating judgment, 
can only be laid in the acquisition of clear perceptions. 
Where this is properly attended to in early education, the 
developement of the understanding will usually go on with 
success ; where this has been neglected, the injurious effects 
are seldom completely remedied. Discrimination of judg* 
ment is a quality than which no oiie is more essential in 
the pursuit of truth : the ready perception of resemblances 
among diversities, and still more the quick and accurate 
perception of diversities in the midst of resemblances, con« 
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stitute some of the most important operations of the under' 
standing. The habit of accurate discrimination should be 
kept in view, and exercised in every period of education. 
It is indeed the foundation of clear ideas ; and the acquisi- 
tion of whatever can be truly called knowledge, depends 
most materially on the possesision of it. It is exercised by 
various objects of instruction ; and in fact it is often this 
exercise which gives those objects their leading value. 

The operations of the understanding, which are denomin- 
ated reasonings are dearly of the same nature with judgment. 
Reasoning is expanded judging, and judging is compressed 
reasoning. Where the relation or connexion subsistii^ be- 
tween two objects of thought is shown by considering their 
mutual relation or connexion with one or more others, there 
is an act of reasoning ; and the terra is strictly applica- 
ble, where one truth is inferred from another. In a va- 
riety of instances it is difficult to say, whether a judg- 
ment is formed by any process of reasoning, or simply 
by intuition; but it is clear, that a variety of truths 
which are intuitively evident to the cultivated mind, re- 
quire distinct processes of judging in others. And on 
the other hand, that truths appear intuitively evident, 
which have in reality been the subject of previous exam- 
ination, but by familiarity are become so associated 
with the feeling of belief, that it is difficult to suppose 
they have ever been otherwise. 

We shall here notice one other class of the operations of 
the understanding, which may with propriety be called i »- 
vestigcUion^ that by which the truth is perceived and dis- 
covered. The exercises of the understanding, when in the 
pursuit of truth, continually involve operations of reason- 
ing; they depend most closely upon the discrimination of the 
judgment ; they imply what indeed this state always im- 
plies, the exercise of abstraction ; and yet there is some- 
thing necessary beyond all this. It consists in tracing out 
the proofs on whidi any position depends ; in determining 
their respective weight as evidence; in discovering the 
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general principles agreeably to which particular phenomena 
have been produced, or the causes operating to produce 
any known effect, and their respective influence* Mr. 
Stewart (Outlines, p. 58.) gives the denomination invention 
to these procedures of the understanding. " The process 
of the mind," he says, " in discovering media of proof for 
establishing the truth of doubtful propositions, and abo the 
process by which we bring new truths to light, is properly 
called invention." We prefer our own appellation, be- 
cause it is a less auspicious one. The term invention seems 
misapplied in reference to the discoyery of truth ; though 
we willingly admit, that in various processes of investiga- 
tion, the invention is frequently exercised. — We do not 
recollect, that this philosopher has furnished, in his writ- 
ings, any clue to these processes of the understanding ; and 
we are inclined to think, that no one has thrown so much 
light upon the actual procedures of the mind in the discovery 
or ascertamment of truth, as Hartley has in his seventy- ^ 
sixth, seventy- seventh, and seventy-eighth propositions, 
particularly in the second of these. It contains a fund of 
profound and important observations, the value of which 
cannot be affected by their having among them a few opi- 
nions, which must be regarded as mere speculations ; they 
are the speculations of a master mind, intent upon inquiries 
of an interesting nature, and contemplating with pleasure, 
whatever appeared important for the attainment of that 
which indisputably was with him the first object, — 
Truth. 
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THE WILL.— DIRECTIONS TO THE STUDENT. 



Nature of the Will «— Motives — IntentioiM — Habit — Mental and 
Bodily Habits — Moral Habits. — Directions to the Student. 

1 HE WILL is that state of mind which is immediately pre* 
vious tOy and occasions, those express acts of memory, 
imagination, judgment, and bodily motion, which are termed 
voluntary. The will assumes different features, according 
to the nature of the motives influencing it : sometimes it is 
a simple determination of the understanding; at others, it 
is called into exercise by the affections, passions, &c The 
causes influencing the will, with the variations in their in- 
fluence, the connexion of it with action, mental or cor- 
poral, its influence over the trains of thought and feeling, 
&C., open a wide field for investigation, equally important 
and instructive ; but we can do no more than point it out 
to those of our readers whose minds have a philosophical 
bent 

The extent of this work will not permit us to enter, as 
we should wish, into the consideration of this power of the 
mind ; but we refer our readers with great satis&ction to 
the very valuable Essay of Dr. Reid on the Will, the 
second in the volume on the Active Powers of Man. Mixed 
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witli several positions, (particularly in respect to instinct,) 
in which we cannot agree with him, there are many truly 
excellent observations, which the young can scarcely read 
with due attention, without becoming wiser and better. 

Whatever influences the will, is termed a motive. The 
intentions are those motives which the mind explicitly 
dwells upon, and proposes to itself as its objects* The 
intentions may be good, and yet the really actuating motives 
very bad. A man may, for instance, have the intention of 
promoting the spread of important truth, when he perse- 
cutes those who diflfer from him, by abuse and calumny, or 
even by fines, imprisonment, or death ; but his real motives 
will often be those of personal hatred, of pride, of disap- 
pointment, of malice, and revenge. 

<^ In all determinations of the mind" (says Dr. Reid) 
** that are of any importance," (we should say in all what- 
ever,) << there must be something in the preceding state of 
the mind that disposes or inclines us to that determination. 
If the mind were in a state of perfisct indifference, without 
any incitement, motive, or reason, to act, or not to act, to act 
oneway rather than another, our active power, having no 
end to pursue^ no rule to direct its exertion, would be given 
in vain. We should either be altogether inactive, and never 
will to do any thing, or our volitions would be perfectly 
unmeaning and futile, being neither wise nor foolish, vicious 
nor virtuous." We diink the former would be the case; 
and in this paragraph are contained the rudiments of what 
we would term the Doctrine of Motives. Without motioeSf 
(including under that term every diing which influences the 
will either in the state of the body, or of the mind, its ten- 
dency to action, its opinions, its judgments, its affections 
desires, passions, &c.) there could be no volition. 

Some of the most remarkable phenomena connected with 
the will, are those of habit Habit denotes the effects of 
custom on the motives, on the operations of the mind, and 
on those of the body in which the mind is in any way con- 
cerned. The effects of custom on the passive feelings 
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ns we have already stated, is to lessen its tnvidness ; be 
the kabit what it may, the efFect of custom is to increase its 
power. 

By habit is not only produced a tendency to a certain 
mode of operation, whether directly mental, or in part cor- 
poral, but also a JhciliH/ in it Of this we may find 
examples in all the common actions of life; in walkings, 
writing, speaking, &c. ; iand in all the common exercises of 
the mind, such as memory, judgment, &c. 

Many of our mental processes are continually going on 
without the agency of the wilK The operations of the 
understanding are often in some measure voluntary ; but 
association acts more (requendy without our volition, and 
even without our knowledge. We perceive its agency only 
by its effects. The influence of the wiU over the processes 
and operations of the mind, where gained at all, is only 
acquired gradually, and by exercise : the trains of thought 
and feeling, and even the habitual exercise of the memoiy, 
ima^nation, and understanding, often go on without its 
interference* 

The same may be said with respect to the extensive 
classes of muscular action. Many of those which are by 
degrees brought under the power of the will so as to be 
properly termed voluntary^ were at first produced by the 
influence of sensation on those mental changes which cause 
motion, without the will being in any way concerned. In 
the first state, these are called by Hartley automatic. By 
long exercise, on the other hand, many motory changes, 
(that is, mental changes producing muscular actions,) which 
once were voluntary, become so associated with sensations, 
or with other motory changes, that expi^ess acts of volition, 
are less and less necessary, and at last a long series otsuch 
motory changes (and their consequently muscular actions) 
may go on without the will being in any way concerned. 
In this case Hartley denominates the muscular action, se- 
condarily automatic. The most familiar instance of the 
transition from voluntary actions to such as are secondarily 
automatic, is what occurs in instrumental music. Suppose 
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a person who has a perfectly voluntary command over his 
fingers, to begin to learn to play upon the piano-forte. 
The first step is to move his fingers from key to key with 
a slow motion, looking at his notes, and exercising an ex- 
press act of volition in every motion. By degrees the 
motory changes become connected with each other, and 
with the impression of the notes, through the influence of 
association ; the acts of volition becoming less and less ex- 
press alt the time, till they become at last imperceptible. 
An expert performer will play fi^^m notes, or fi'om the con- 
nexion of the seteral parts of the complex motory changes, 
and at the same time carry on a quite diiferent train of 
thought in his mind, or even hold a conversation with 
another. — This view of the subject, which appears alike 
agreeable with observation, and with the laws of association, 
Mr. Stewart utterly rejects; and he supposes, that where 
the mind is most deeply attentive to some object of thought, 
aU the habitual motions of the body which are exereised 
at the same time, have some portion of the attention, though 
we are not able to trace out any relic of consciousness re- 
specting them. 

The efiect of custom on tlie motives, is to increase their 
power over the will. Where that power is become habitual^ 
it often operates in opposition to the dictates of the under- 
standing, and sometimes even to the most impressive feel- 
ings of remorse and apprehension. Many of the most en- 
snaring pleasures of vice, while they lose their vividness, 
leave behind them a tendency to repetition, which makes 
its votary more its slave and its victim. The habitual 
drinker, for instance, when he first began his intemperate 
coiurse, experienced some pleasure, perhaps to him great,, 
unworthy indeed of a rational being, but unhappily such as 
to drown the voice of conscience, and to leave the way open 
to all tliose causes of riotous mirth, from which sober re- 
flection would derive no satisfaction. His pleasure is 
necessarily succeeded by a listlessness which makes the 
customary employments of life unsatisfactory, and lead» 
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hint to resort again to the scenes of intemperance. By de- 
grees the quantity of his intoxicating draughts must be in- 
ci-eased to produce the same unnatural excitement; that 
which once placed him on a level with the brute, will not 
now raise his spirits. He goes on increasing them in fie- 
quency and in strength ; but the powers oF enjoyment gra- 
dually lose their tone, and become scarcely suscq>tible of 
pleasure. The pains of privation, (increasing in proportion 
to the degree of intemperate indulgence,) — the inalnlity 
to relish those simple pleasures which temperance usually 
derives in abundance from the common bounties of Provi- 
dence, — the restless tendency to respeat that which may 
give a temporary ease, which all in such circumstances ex- 
perience, accompanied and heightened, it may be, by the 
perception of present losses, arising from neglect of business, 
the consciousness of injury to others, the feeling of decaying 
health, and the reproaches of conscience, — together urge 
him on in the path of present and final ruin : — he seeks 
for relief from his painful uneasiness and melancholy re- 
flection, in that which only increases the causes of them, 
and makes him still more the slave of sin : and it is too 
probable that that habit, which is making such depredation 
in his present means of comfort, which is checking and in- 
deed destroying his best affections, which is weakening his 
energies of body and of mind, will yield to none of the 
ordinary motives or discipline of life. These represent- 
ations are too often true in their full extent; and in pro- 
portion as this habit, or any other of sensual indulgence, 
is exercised, will be its strength, and its destructive ten- 
dency. 

With this important principle respecting the influence 
of habit we should connect another, which is perhaps the 
most forcible call to moral caution, that though the power 
of habit is continually increasing, and sometimes even 
rapidly, though in all cases gradually, it increases imper^ 
ceptibly ,• and to perceive its progress in others or in our- 
selves, we must compare its present state with what it was 
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once. And there is still anpther law of habit, which requires 
serioos thought, and should guide us in the regulation of 
our conduct ; that the strength of any habit is increased, 
not only by the exercise of the habit itself, but by the 
exercise of all which have a direct relation to it. In pro- 
portion as the general tendency of the mind, its dispositions 
and habits of thought and action, are in opposition to sel& 
€X>ntrol, to the promptings of benevolence, or to the duties 
of piety, will be the increased power of any vicious habit 
In proportion as they are favourable to Christian duty, will 
be the support and saf^ruard of every one that is accordant 
with the principles of the Gospel* Perhaps it is not too 
much to assert, that there is no moral habit which does not 
afiect the whole moral system : if it be a bad one, it checks 
those which are right, it aids the influence of those which 
duQr forbids ; and on the other hand, every worthy habit, 
properly exercised, contributes to cherish all those which 
are allied to it, and to weaken the influence of those which 
in €>ur best moments we must desire to annihilate. 

Conclusion. — Our sketch of this important science is 
very incomplete; and we have been obliged to omit many 
things, to which we were desirous of directing the attention 
of our readers ; but we shall be satisfied, if it give them a 
correct idea of some important fundamental principles which 
may serve as a guide to them in their own inquiries. If 
they should be disposed to investigate further the views of 
which an outline is here given, we may refer them to the 
article Mental Philosophy and Intellectual and Mo- 
RAI« Education^ in Dr. Rees's Cyclopedia; in which the 
writer has entered somewhat at large into several of the 
for^p>ing subjects, and into others, for which they will now 
be prepared. But if they have not access to these, or are 
desirous to advance more rapidly, they may proceed to the 
works of Stewart, Cqgan, Locke, and Hartley. We should 
recommend them, in the first place, to confine themselves to 
the 6th, 6th, and 7th chapters of the first volume of Mr. 
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Scewart's Elements, since these are the most important, 
and other parts involve questions for which they wiQ be 
better prepared, after having read Loeke at least. Tbey 
will then do well to proceed to Dr. Cogan's hi^ly valoaUe 
treatises on the Passions ; because these contain a variety 
^f excelleht and important remarks on that part of our 
frame which supplies our chief springs of action; and the 
study of them, while it will benefit the heart, will prepare 
the understanding for the more difiicult investigadons re- 
specting the intellectual powers. The study of Lodge's 
Essay concerning the Human Understanding, should not 
be delayed any further : and the method which we dionld 
recommend is, to peruse the whole with care, marking in 
the table of contents those chapters or sections which seem 
particularly to demand closer study. As th^ advance in 
this branch of knowledge, they will often have occasion to 
^refer again to Locke, and parts, which at first afqieared of 
Jitde weight, will afterwards strike them as of great import- 
ance. But it would be of great service, if sudi an abridg- 
ment of Locke were given to the public, as should introduce 
to an acquaintance with all his important principles, with- 
out perplexing the young student with those parts which 
iiave little to do with mental philosophy, at least in its pre- 
sent state. After having gained an acquaintance with 
these principles, we recommend our readers to proceed to 
the study of Hardey's Observations; and in doing this, 
^ey will find it very advantageous to leave out^ at the 
first perusal of that work, all the parts relatmg to the 
liypothesis of vibrations ; or to take Dr. Priestley's abridge 
medt 

After having made this progress, they will be prepared 
for the perusal of any work connected with the philosophy 
of the mind, to which their own taste, or accidental dfcum- 
stances, may direct them. In Mr. Belsham's Elements 
they will find a valuable summary of the chief tidies of 
metaphysical inquiry, connected with the philosophy of the 
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human mind, together with references to the principal 
writers who have discussed them.* 

Many parts of Dr. Reid's works proceed upon very erro** 
neous principles : but the numei'ous profound and judicious 
observations they contain, connected with our moral and 
inteDectuai processes, will well repay the careful perusal of 
the student* Mr. Stewards second volume will also daim 
his attention ; and though hb peculiar, and we doubt not 
erroneous views of the nature of generalization, sometimes 
warp his conclusions^ the profundity and value of his in- 
vestigaticms respecting the understanding, can scarcely fail 
to be admitted by all who are competent to judge on the 
Sttlgect We must also recommend to our readers, when 
their minda have been s<xnewhat trained to mental investi- 
gation, ** Tucker's Light of Nature pursued." There are 
few works on abstract science so calculated to call into 
exercise the powers of investigation, and to sharpen the 
penetration of the understanding. The author is diffuse, 
and not unfrequentiy far from precise in his modes of ex- 
pression ; and it is not always easy to ascertain his drift : 
but his manner, even in the most abstruse parts, is so lively, 
his illustrations so numerous and striking, and yet so 
original and appropriate, and his observations, in them«4 
selves considered, so strcmgly marked by good sense, that 
philosophy is obliged to be continually on her guard, to 
prevent being carried on, unawares, to conclusions which, 

* We are indebted to that work, for the plan of the. Ist section in . 
the chapter on Aitociation^ and for sereral of the illustrations contained 
in it. And though originality is of much less consequence than utility, 
we ought alsc^to state, that in several places we have, without particular 
acknowledgment, derived our statements from Hartley's great work, 
which we cannot but regard as in some measure the Principia of Mental 
Science. If the reader should happen to have seen a little volume 
called Enfield's Elements of Mental and Moral Philosophy, he will pec- 
ceive a resemblance between it and some parts of this book, which we 
wish to' account for, by saying, that a great p^ of that volume was 
copied without permission or acknowledgment, from some articles on 
the subject inserted in Nicholson's British Encyclopedia. 
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in her more sober moments, she must reject In a variety 
of instances he has found the truth ; and where he is less 
successful, he schools his reader to activity, acuteness, and 
vigour of thought. 

The perusal of Mr. Stewart's works will lead to an 
acquaintance with the French metaphysicians. Among 
them CondiUac holds a distinguished place: and tfaoiigfa no 
one accustomed to think for himself can- follow that philo- 
sopher through all his opinions, yet his writings are so 
perspicuous, and so much marked by good sense and im- 
portant observations, that they deserve the attentive exam- 
ination of every student of mental philosophy. 

Beside these, the writers oh education will fiimish many 
important observations ; and in this view we particularly 
refer to the works of Miss Edgeworth and Miss Hamilton. 

Before persons have -acquired the power of entering 
leadily into the discussions of mental philosophy, they will 
£nd it of great service, first to read ov&c a work without 
^ too much minute attention to the several parts and difficul- 
ties which perplex them. After they have gained a goieral 
■acquaintance with the author's views and prindples, they 
may then proceed with double advantage and satis&ction 
. to the study ^f Ae whole. FesHna lenie is the maxim 
which diould be employed in every part of education and 
self-culture. Above every thing we recommend that 
mixture of mental humility and independence, which, on 
the one hand, will prevent the hasty rejection of important 
prindples, because we do not at once see how they can be 
true;- and on the pther, that submission to mere authority, 
which will prevent from gainmg any ccmsistent prindples 
on subjects respecting which diere is great diversi^ of 
opinion. The understanding should never be surrendered 
up to any author ; and reflection on what passes within us 
should be constantly employed as the test of his statements 
respecting the operations of the mind. It should be care- 
fully recollected, d^at one great value of the study of mental 
philosophy is that it habituates the mind to attend to its 
6wn states and operations. 
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To conclude, the love of truth should influence us in all 
our investigations. The question should always be, not is 
this speculation ingenious and brilliant, but is it solid and 
just: and if truth be our real object,' and we pursue it with 
patient attention, and under the guidance of good sense, 
and judicious reflection and observation, we can scarcely 
fiul to attain what will reward us for our labour, both in the 
culture of the understanding, and in the conduct of life. 
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CHAP. XVI. 

INTRODUCTION — CONSCIENCE — OBLIGATION. 

Object of this Part— Moral Philosophy — Morality— Ethics — Casmstry 
— Natural Law — Divi&ion — Natare of the Conscience — FormatioB 
— Importance as a Moral Guide — Moral Obligation — Remotest 
Obligadoa — Not necessarily the best rule. 

jMoral philosophy is that science which teaches the 
nature and oblation of duty. It has not for its oliject the 
precepts of duty, so much as the principles from which those 
precepts are derived. 

In the pursuit of this science, it is of the utmost conse- 
quence to begin weD. If the fundamental- principles are 
correct, and they are made &miliar to the mind, they will 
preserve from numerous errors of great practical import- 
ance* The leading object of this division will therefore 
be, to supply thp reader with those elementary views, which 
may serve to direct and assist him in his future inquiries, 
and in the work of self-culture. And we are the more 
desirous of this, because, in the midst of great and striking 
excellencies, Paley's well-known work on Moral Philosophy 
i$ founded on principles, which have led the author him- 
self to some erroneous conclusions,, and have produced this 
effect still more among his readers^ 

Precision of language and correctness of thought are so 
dependent upon one another, that it may be worth while to 

17 
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point out a singular enror^ into which that eminently useful 
writer has fallen in his very first sentence. <* Moral Philo- 
sophy, Morality, Ethics, Casuistry, Natural Law," he says, 
<< mean all the same thing, viz. that science which teaches 
men their duty and the reasons of it :" but he is undoubtedly 
wrong. Moral Philosophy is the science of morals : it in- 
vestigates the grounds and reasons of duty : it traces that 
quality of actions an4 dispositions, which renders them 
obligatory upon a reasonable being like man : it shews what 
classes of actions and dispositions possess this quality : it 
ascertains by this means the best rule of life : and it lays 
down those principles, by the aid of which the rule of life 
may be most successfully applied. — The terms Ethics and 
Morals, though correctly applied to the science, are more 
qipropriate to the art of morality, (understanding by the 
word ari as opposed to science, a system of rules for the 
proper attainment of any end ;) and, in this sense, the 
terms are not strictly applicable to investigations respecting 
the grounds and reasons of duty. Nevertheless, the arl of 
morals can scarcdy fisdl to include some reasoning respect- 
ing its foundation and principles, just as the science of morals 
can scarcely &U to include, in some measure, the precep- 
tive part — Morality commonly refers to the quality of an 
action or disposition which makes it the subject of reward 
or punishment; but it is also used (as when we speak of a 
system of morality) in reference to the art of morals. — 
Casiddry has solely for its object, the difficulties of duty, 
and it classes sometimes with the science, and sometimes 
with the art of morals. It often requires subtle investiga- 
tions, and nice and refined distinctions ; and when it is not 
regulated by invariable attention to the grand principles of 
morality, it often leads to great intricacy and perplexity. 
Such discussions have, indeed, not unfreqoently led, 
through the sophistry of vanity, or self-justification, to 
opinions which confound all moral distinctions. 2^ moral 
reasoner must have somejueed points of duty ; and when he 
has seen that these have a solid foundation in the nature of- 
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the human mind^ and the circumstances qfman^ he onght on • 
no account to give them up. If any opinions are in dear 
opposition to them, the principles on which those opinions 
are founded, should be regarded as absard, if not practi- 
cally dangerous. — The term Natural Law denotes that 
system of duty which is derived from considerations inde- 
pendent, or supposed to be independent, of Divine Revel- 
ation, or the law of God. 

Agreeably to the object which has been ahready stated, 
we shall pursue the following division : — 

I. The nature of the Conscience^ and the necessity of at- 
tention to its cultivation. 

II. Moral Obligation* 

III. The Pursuit of our tmn goody not the wisest and 
best principle of action. The inferior principles of our 
nature, should be subjected to the control and direction of 
moral and religious principle. This maxim particularly 
exemplified in reference to the bodily appetites. 

IV. Defective Criteria of virtue. 

V. The Will of God , the best foundation of duty or cri- 
terion of virtue. 

VI. Essential Characteristic of virtue. 

VI L Principles which should have great weight with us 
in all our inquiries respecting duty : with a particular re- 
ference to the universal obligation of Truth. 

VIII. General rules of Social Conduct. 

IX. Advice respectmg the pursuit of Moral Philos<yhy. 

The Moral Ssnse, or Conscience. 
The Conscience is that internal principle, which, 
without reasonings without direct reflection on the conse- 
quences of actions, or even on their obligation^ at once ap- 
proves of certain dispositions or actions as rights or as what 
we ought to cultivate and practise ; and at once disapproves 
of certain dispositions and actions, as wrong, or as what we 
ought to check and avoid. The human mind is so formed 
that the conscience will spring up in it : nevertheless it is 
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equally true and important, that its dictates are not univer^ 
sally the same, and that it is an improvable principle; •— . 
that to give it early correctness and vigour, requires great 
care on the part of those who are concerned in the early 
periods of education ; — and that to give it due sensibiUtyf 
accuraty^ and if^htence^ requires the use of suitable means 
in every period of life. 

The pleasures and pains of the conscience, (like all other 
mental feelmgs,) are produced by the ever-active principle 
of association, which, under the occasional control and 
direction of the understanding, connects, combines, and 
blends together a vast variety of pleasures and pains; and 
thus forms a set of feelings, which most powerfully in-* 
fluence the conduct, and contribute most essentially to the 
happiness or wretchedness of the individual. These feel- 
ings are derived frcmi all the other pleasures and pains of 
our nature, so fer as they are consistent with one another, 
with the frame of our nature, and with the course of the 
world. (See Hartley, vol. i. prop. 99.) They are con- 
tinually presenting themselves, urging us to shun some 
branches of conduct, and to pursue others ; rewarding us 
for our obedience, with some of our purest and best satis- 
fiiciions ; and punishing us for our neglect and disobe- 
dience, with emotions always painful, and sometimes so 
agonizing, that life loses all its relish; and all the pleasures 
which have been purchased by slighting its warnings, fose 
their power to give more than temporary relief. 

As soon as the moral principle begins to appear, a great 
variety of impressions, some designedly communicated, and 
others produced as it were accidentally, begin to connect 
with the terms good and rights (and others similar to them,) 
pleasing feelings, derived direcdy from sensation, or from 
the approbation of friends, &c ; and with the words wicked^ 
wrongf &c., painful feelings, in like manner derived directly 
from sensation, or from the feelings of shame. If children 
are so happy as to have parents, whose ideas respectii^g 
duty are generally correct, these feelings will be prcq[>erly 
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directed; and they will then be increased, strengthttied, 
and rendered more and more lively, by the continual addi- 
tion of many others, derived from various sources. If not, 
there will be a proportionable deficiency, or erroneousness, 
in tlie (Uctates of the conscience, which will be to be cor- 
rected, if corrected at all, by experience^ or by increased 
knowledge, afforded by the Scriptures, or some other rule 
of life, respecting duty, and the consequences of perform- 
ing or n^lecting iW 

But supposing ihe generally fiivourable, and not un- 
common case, where an individual has had the advantage 
of an early correct direction of his moral feelings, — here 
all the pleasures arising from the exerdse of the filial afiec- 
tions, all the pains arising, as natural consequences, or as 
direct punishment, firom disobedi^ace or die neglect cF 
parental injunctions, contribute their share to strengthen 
and enliven these feelings. As soon as some knowledge of 
God and of a future life have been obtained, the aflfections 
which are formed towards God, the hope of future Iiap- ' 
piness, and the dread of future misery, begin to add to the 
vigour and extent of the fedings of conscience; and they 
continually, and through life, contribute those impressions, 
which powerfully tend to give activity and energy to its 
pleasures and pains, while at the same time they correct 
and confirm its dictates. Separate from this source, though 
not independent of it, the beneficial tendency of right 
conduct and dispositions, and the injurious tenden<r|r of the 
contrary, with respect to the happiness both of the indivi- 
dual and of others, in the way of interest, or reputation, or 
social comfort, (whether the result of experience, -or observ- 
ation, or pointed out in a less impressive yet often csSec- 
tual way, by the instructions of parents and friends,) add 
to the strength and liveliness of the emotions of approba- 
tion and disapprobation. 

Though the feelings of the moral sense have a general 
agreement in their force and direction, in different indivi- 
duals, who have enjoyed the usual advantages for the cul- 
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tivation of die conscience, yet even in them the component 
parts must vary coiistderably, both in kind and in degree* 
Without attempting, therefore, to enter into a minute ac- 
count of the formation of those very complicated feelings^ 
composed, as they are, of a vast variety of other feelings 
themselves gready complicated, it may be sufiScient to ob- 
serve, tliat every pleasing or painful impression, received 
in connection with right or wrong conduct, contributes 
towards the formation or growth of the pleasures and pains 
of conscience. 

Every instance in which approbation, reward, or any- 
other good effects, are actually experienced, or are ob* 
served to be experienced by others^ in consequence of 
right conduct, — every instance in which the mind is led to 
perceive the beneficial tendency of right conduct, its suil> 
ableness to the course of Providence, and to the frame of 
nuav — every instance in which our own right conduct does 
good, or gives pleasing satis&ction to others, especially lo 
those whom we love^ — every instance in which the heart is 
impressed with the conviction, that He who is greater than 
the heart, knows and approves of sincere and dutiful obe- 
di^ice to his commands, — every thoughtful reflection on 
the infinitely blissful consequences of a course of steady 
obedience to duty^ — and every instance in which the pre- 
s^it supports of obedience are experienced, or perceived in 
others, — ^ contributes its share towards the formation and 
strength of those feelings of love and approbation of what 
is considered as our daty^ which make the contemplation 
of right actions and dispontions a source of delightfiil 
emotion ; and which reward the performance of the one, 
and exercise the culture of the other, by that approving 
testimony, which has often been an abundant recompence 
for the greatest pains and privations to which duty may 
direct. 

And, on the other hand, every instance in which displea- 
sure, shame^ punishment, or any other ill efiects, are actu- 
ally experienced, or are observed to be experienced by 
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others, in consequence of wtcag conduct, or in which the 
mind is led to percdveit^ injurious tendency, its unsmtable- 
ness to the course of Providence, and to the frame of man, 
^- every instance in which oar wrong conduct does ii^oiy, 
or gives paihfiil regret to others, especially to those whom 
we love^ -^-every instance in which the thoughHul conviction 
is excited, that He who knoweth every secret of the heart 
is displeased widi disobedience, and that the consequence 
of every act of disobedience, of every indulgence of wrong 
disposition, of every neglect of duty, and the afiectiona ad- 
joined by it, will, in his att-righteous ordiaations, be fisUow- 
ed by its proportionate diminution of happuiess, or increase 
of misery, probably in thb life, but certainty in another, — 
every instance in which the present pains of conscience are 
experienced, or observed in others, in consequence of the 
neglect of its dictates, or disobedience to them, — - ocMitri- 
butes its share towards the formation and strength of those 
lively feelings of disapprobation or even abhorrence with 
which we contemplate what, in others, is considered as in- 
consistent with or contrary to duty, and of remorse, in 
consequence of wrong actions and dispositions in oursdves : 
which punish the performance of the one^ and the indul- 
gence of the other, with pains that often exceed in vividness, 
all others to which the human being is exposed in this 
world ; which, though sometimes overcome by the bustle 
and pleasures of the world, seldom &il to revive in the 
period of worldly distress, or in the time of sickness and 
the apprehension of death ; and which will, in all pro- 
bability, constitute a great part of the awful punishments of 
futurity. 

This view of the formation of the pleasures and pains of 
the conscience, will at once suggest to the thoughtful reader, 
the means by which it is to be cultivated ; and this has 
been our chief object in stating it. — But in whatever light 
we regard the conscience^ one thing is indisputable^ that its 
dictates are not uniformly the same in any one individual ; 
and that they are exceedingly variable in difierent . indivi- 
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duals, even with respect to the grand principles of duty, 
and still more with respect to the application of those prin- 
ciples. It is indisputable, that' the moral principle grows 
to maturity from a small seed. It is indisputable, that it 
is suso^dble of culture ; that, if neglected, its judgments 
become wavering and impotent; that if its dictates be made 
to undergo revision, if corrected by the means of knowledge 
we possess, and their defects supplied by die more extended 
views of duty, its decisions proportionably become more 
firm, and in general more efficacious. (See Paley, B. I. 
ch. 5.)^ 

Cven an ardent desire to keep with exactness the best 
rules of duty, will not render attendon unnecessary to the 
cultivation of the conscience ; (^< I verify thought with myself" 
said the Aposde Paul, <^ that / ought to do many things 
contrary to the name of Jesus of Nazareth ;") and an en- 
lightened love of duty must therefore urge to such cultvation. 
Dr. Cogan, in his Philosophical Treatise on die Passions, 
(p. 348.) adduces as an example of ** the influence of per- 
verted principles,'' ** the conduct of a pious mother towards, 
a most excellent and dutiful son, who, from a principle of 
conscience^ in opposition to his interests, renounced the 
religious system in which he had been educated, for another 
which he deemed more consonant to truth. She told him, 
that * she found it her duty, however severe the struggle^ 
to alienate her affections from him, now he had rendered 
himself an enemy to God, by embracing such erroneous 
sentiments.' My friend added, that she was comj^letely 
successfrd in these pious endeavours; and that the duty 
which she enjoined upon herself, was scrupulously performed 
daring the remainder of her days." — The same philosophic 
writer mentions another instance of the irregularity of the 
moral principle, in a child, in whose character mildness and 
compassion were pre-eminent features. ** I was once passing 
through Moorfidds," he says, <^ with a young lady aged 
about nine or ten years, bom and educated in Portugal, 
but in the Protestant faith; and observing a large con- 
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oottTse of people assembled around a pile of faggots on fire, 
I expressed a cnrionty to know the cause* She very com- 
posedly answered, <I suppose it b nothing more than that 
they are going to bum a Jew.' '' 

From an attentive consideration of the nature of man, 
asweUasfrom the dedaiations of Revelation, it is dear that 
the conscience was iotended, by the great Author <^ our 
frame, to beourguideinallcasesof emergency, and to have 
great influence in every dq>artment of duty. It may offc»i 
be most justly said, that tbe voice of conscience is the voice 
of God. Nevaiheless, without due care and culture;, it 
may be, and often is, erroneous and defective; and diere- 
fore it is not safe as an exclusive guide of duty, but should 
itself be put under the control of a still higher principle, 
the will of Grod. It is alike our wisdom and our duty, to 
enlighten, regulate, r^ne, and extend the dictates of the 
conscience, by the law of God, and other intimadpns of his 
will, and then submit implicitly to its direction. 

Moral Obligation. 

Obligation respects voluntary actions only. ^ We say 
we are obliged to walk, if we wish to have health ; we are 
obliged to use r^ular exertion, if we wish to acquire valu- 
able mental habits; and, generally, we are obliged to per- 
form certain actions, in order to attain certain ends. The 
use of the term in this and similar situations, shews its true 
import. Obligation expresses the necessity ^certain xjohm- 
tary actions^ as meansj in order to obtain certain ends. 
Thus, it ihe endhe the possession of health, a necessary 
means is, that we take exercise. If the end be the formation 
of valuable mental habits, a regular series of exertions 
is the necessofy means: and, in short, in whatever 

• The term actions is here used, to include every mental or corporal 
exertion consequent on volition. It is thus employed by Mr. Stewart 
in his Outlines, p. 76. 
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case we wbh to expresii that certain ends can. only be ob^ 
tained by certain voluntary actions as the means, we say we. 
are obliged to use these means, in order to obtain these 
ends. • • . 

Obligation differs from compulsion. The former respects 
voluntary actions, the latter involuntary. Compulsioa 
always implies some external force. Thus a man is ob- 
liged in honour to pay hb debts, and if he do not, he will 
be compelled by the law ; that is, if to satisfy the laws of 
honour be the end, the payment of his debts is the neces- 
sary means ; if this obligation do not operate with sufficient 
strength as a motive^ the law will compel him to do it 
against his will. 

Obligation by no means implies an obUger* I may be 
obliged by reason^ by interest^ by convenience^ by honour^ by 
conscience^ &a, as well as by the authority of another. 
Authority is one, but not the only soource of oligadon* 
Pale/s opinion, that <* a man is said to be obliged, when 
he is urged by a violent motive resulting from the command 
of another," (separate fitun the very objectionable expres- 
sion, a violent motive,) is by &r too limited an account of 
obligation. 

2doral obligation respects those actions which are deno- 
minated virtuous or vicious : we are obliged to pet£>nn the 
one, and to abstain from the other, because this is the 
necessary means, in order to effect a certain end. That is 
to say, unless we do practise virtue, and abstain from vice, 
we cannot obtain the ends which wisdom points out as 
deserving pursuit. 

Every question, Why is any one obliged to perform a 
certain action? gives us, as a final answer, because it tends to 
the agenlf 8 greatest happiness on the whole. When we 

* This nmple and truly excellent view of ObSgaHon is taken, with 

a little alteration, from Mr. delsham's Elements, sect 4. It seems to 

have been derived from Gay's Preliminary Dissertations, sect. 2., but 

with great improvement. In its present form it best accords with our 

object. 
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arriTe at this point, it is obvious that we can go no farther. 
And though true wisdom undoubtedly directs, that in 
cmier to attain the highest degree of moral excellence, we 
should leave our own happiness out of consideration, — 
and though the human mind is so constituted, that disin- 
terested benevolence, founded upon and supported by piety, 
would lead an individual who has attained it to obey the 
will of God, and seek to promote the welfare of mankind, 
even if his understanding were convinced that he should 
thereby entul upon himself consequeboes highly prejudiciai 
to, or destructive of happiness on the whole, — yet it does 
not appear that there could be any prc^r Migalion to 
any conduct in oppposition to the agent's happiness on 
the whole, * 

Here, then, we come to the remotest obligation of virtue ; 
but the ends of human existence will be most answered, by 
resting at a somewhat nearer and equally stable ground of 
obligation. And even assuming it as the best source of 
obligation, it must be evident to any one who carefully 
considers the laws of our mental firame, and the circum- 
stances of mankind, that the love of God, of man, and of 
duty, (in other words, the a£fections of piety and benevo- 
lence, and a regard to conscience,) should be our primary 
aim, smce he will be most happy, in whom those principles 
exist with the greatest stroigth and vigour. 

* This view of moral obligation b defended with great acuteness by 
Thomas Cooper, in the first of his Tracts; his statemenU, however, are 
sometimes defident in that reverence which should ever be maintuned 
to the Supreme Being ; there is an occasional vagueness or rather inac- 
curacy in his expressions ; and in some instances we see more indications 
of acuteness than of solidity. It u less exceptionably, and more compen- 
diously considered and maintained in Mr. Belsham*s Elements. It is 
stated by C^per, (p. 86.) to have been entertained by Cumberland, 
PuileDdorf,Gay,Law, TumbuU, Rutherforth, Clayton, Johnson, and 
others ; Belsham adds Brown and Gisbome ; and Paley (see B. 11. ch. 2.) 
may evidently be arranged among them. On thb and every other 
point of morals, however, our decision must be founded on something 
more secure and satisfactory than human authority. 
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The tdtimate Migation^ the best rvlej and the immediate 
motive^ of duty, are three distinct consi|derations. If it ap- 
pear that to make the will of God our rtde of duty, is the 
best way to promote our own worth and happiness, as well 
as the worth and happiness of others, this must be our best 
rule. We may, nevertheless, be acting in perfect consis- 
tence with this rule, when we are exerting ourselves for the 
good of others, or imposing restraints upon our selfish in- 
clinations with an explicit intention to promote the welfare 
of otJiers, or to follow the dictates ^ of conscience, without, 
for the time, any direct reference to the will of God as such : 
benevolence, or a sense of duty, is then our immediate mo- 
tive» The remotest obligation in this case, is the same as 
before ; but we can seldom find it necessary, even in theory, 
to revert to it as the ultimate obligation : for if God is just 
and good, obedience to his will must be productive of our 
greatest good on the whole. He is perfectly just and good, 
and therefore in the actual state of the case, (and we need 
think of no other,) the will of God maj^with the utmost 
propriety, be assumed, not only as the noblest motive, and 
the best rule, but also as the foundation, and even (with 
very little dqmrture from logical correctness,) as the m/^/- 
mate obligation of duty. 
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CHAP. xvir. 



REGULATION OF THE INFERIOR PRINCIPLES 
OF OUR NATURE. 

Object of Hartley's Rule of Life— Wisdom and Duty <tirect that Self- 
interest should not be made a primary motive-- RegulatioD of the 
A^ypetiteB. 

X HE laws of our mental frames and the drcumstances of 
mankind, most clearly point to the truths that b^piness is 
best secured by actmg, in the general tenor of life, without 
any explicit view to the attainment of it, ond steadily follow- 
ing the dictates of duty, of piety, benevolence, and oon- 
science. Hartley, in the invaluable division c^his Observ- 
ations entitled the Rule of Life, has clearly and completely 
proved this axiom, by a train of investigations founded 
upon his principles respecting the frame of man. It would 
.give us pleasure to lay beiinre our readers a view of those 
investigations ; but we must refer them^ which we do with 
great satis&ction, to the Bale of Life. In theartide Moral 
Philosophy, in Dr. Rees's Cyclopedia, (Div. IL 1 — 17.) 
they will also find a kind of outline of that part oTHartley's 
great work, divested of his hypothetical peculiarities^ and 
in some parts extended by additional. illustratiQns and ob- 
servations. 
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In the iMUd of Life^ Hartley shews, by eonsAcl^nuiotis 
derived from the laws of the human frame, and a oompre* 
hensiTe view of the temporal consequences of actioiis and 
dispositions^ that the principles and precepts of dtity which 
are taught us by revelation, are the best fitted to promote 
our present,* as well as our eternal wel&re. He there 
proves, that, in the pursuit of happiness, wisdom (equally 
with duty) forbids us to make any of the lower principles 
of our nature, our primary aim ; requires that we should 
subject them all to the regulation of the higher principles 
of benevolence, piety, and a sense of duty ; and urges that 
we make these our primary objects, as steady, habitual, 
actuating motives. 

It may contribute a tittle to prepare some of our readers 
for the examination of these positions, if we lay before them 
an extract from Dr. Reid's Essays on the Active Powers, 
as given^ with a few alterations, in the above-mentioned 
division of Moral PHiLosoPitv ; and we shall then ofifer 
them part of the section on the Regulation of the Sensible 
Pleasures, derived diiefly from Hartley. 

Though a steady pursuit of our own real good (says Dr. 
Beid) may, in an enlightened mmd, produce a degree of 
virtue which is entitled to some approbation; yet it can 
never, while the mind rests with this explicit regard to sel^ 
produce the noblest kind of virtue^ which claims our highest 
love and esteem. We account him a wise man, who » 
wise for himself; and if he prosecute his end through diffi- 
culties and temptations, his character is far superior to that 
of the man, who having the same end in view, is continually 
starting out of the road, from an attachment to his appetites 
and passions, and doing evfery day what he knows he shall 
heartily repent. Yet after all, this wise man, whose thoughte 
and cares are all centered ultimately in himself, who in- 
dulges even his social and divine affections, only with a 
view to his own good, is riot, the man whom we cordially 
esteem, nor who possdfeses the noble elevation of mind 
* which commands our admiration- Our cordial esteem and 
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adoiiraticHi are due, are given, only to him whose seal is 
not contracted within itself, but embraces a more extensive 
object; who loves religion, not for her dowry only, but for 
her own sake ; whose benevolence is not selfish, but gene- 
rous and disinterested ; who, forgetful of himself, has the 
common good at heart, not as a means only, but as an end; 
who abhors what God and conscience condemn, however 
attractive its appearance ; who chooses, without hesitation, 
what God and conscience approve, though surrounded with 
tenfold dangers. Such a man we esteem the perfect man, 
compared with whom he who has no other aim than good 
to himself, is a mean and despicable character. To serve 
God, and be useful to mankind, without any concern about 
our own good and happiness, is probably beyond the pitch 
of human nature. But to serve God,. and be useful to men, 
merely to obtain good to ourselves, or to avoid ill, is im- 
perfect service, and not of that liberal nature which true 
devotion and real virtue require. 

Though we might be apt to think, that he has the best 
chance for happiness, who has no other end of hb deliberate 
actions but his own good, yet a little consideration will 
satisfy us of the contrary. A concern for our own good is 
not a principle, that of itself gives any enjoyment ; on the 
contrary, it is apt to fill the mind with fear, and care, and 
anxiety. And these concomitants of this prindple often 
give pain and uneasiness, which counterbalance the good 
they have in view. We may compare, in point of present 
happiness, two imaginary characters ; the firsts that of the 
man who has no other ultimate end of his deliberate actions, 
than his own good, and who has no regard to religion and 
duty, but as a means to that end ; the second, of the man 
who is not indifferent with regard to his own good, but has 
another ultimate end, (perfectly consistent with it,) a disin- 
terested love of goodness for its own sake, or a regard to 
duty as an end. Comparing these two characters in point 
of happiness, that we may give all possible advantage to 
tlie selfish principle, we idiall suppose the man who is ac- * 
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tuated solely by it, to be so &r enlightened as to see it his 
interest to live soberly, righteously, and piously, in the 
world, and that he follows the same course of ccmduct, 
from the motive of his own good only, which the other 
does, in a great measure, or in some measure, from a 
sense of duty. The one labours for hire, without any 
love to the work ; the other loves the work, and thinks it 
the most noble and the most honourable he can be em- 
ployed in. In the first, it is mortification and. self-denial, 
to which he submits only through necessity ;. to the other it 
is victory and triumph in the most honourable war&re. -^ 
It ought furtlier to be considered, that though wise men 
have concluded that virtue is the only road to happiness, 
and the commands of a benevolent Creator necessarily lead 
us to consider it as such, yet he who follows it only as a 
means to an end, and who obeys God only for the sake of 
the rewards he has attached to obedience, would, in aH 
probability, be continually wandering from the direct path, 
and seeking for happiness where it was not to be found. 
The road to duty is so plain, that the man who seeks it 
with an upright heart, cannot greatly wander from it; but 
the road to happiness, (except where that confidence in the 
Supreme Being is formed, which supposes the pious afiec- 
bons to have become, in some measure, disinterested,) 
would be found dark and intricate,, full oi thorns, and 
dangers, and therefore not to be trodden, without ieas, and 
care, and perplexity. The happy man, therefore, is not he 
whose happiness is his primary care; but he» who with 
perfect resignation, leaves the care of his happiness to his 
Maker, while he pursues with ardour the road of his duty. 
This gives an elevation to his mind, which is real happi- 
ness ; instead of care, and fear, and anxiety, and disap- 
pointment, it brings peace and joy. It gives a relish to 
every good we possess ; it smooths the brow of anguish, 
calms the perturbed mind, and makes the pillow of suf- 
fering, and of death, the rest of happiness. — (See Active • 
Powers, Ess. III. P. III. ch. 4.) 
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On the Regulation of the Sensible Pleasures. 

Suppose that any one endeavoured to gratify the impulse 
of his bodily appetites, without any restraint from the 
virtues of temperance and chastity ; — he would soon de« 
stroy his bodily feculties, thus rendering the objects of the 
sensible pleasures useless ; and he would precipitate him- 
self into pain$ diseases, and death. ^^ This is a plain 
matter of observation, verified every day by the sad example 
of loathsome, tortured wretches, that occur, which way 
soever we turn our eyes, in the streets, in private fiimilies, 
in hospitals, in palaces." Positive misery, and the loss 
even of sensible pleasure, are too inseparably connected 
with intemperance and every kind of impurity, to leave 
room for doubt, even to the most sceptical. The sensual 
appetites must, therefore, be regulated by, and made sub- 
servient to, some other part of our natures ; otherwise we 
shall miss even the sensible pleasure which we might have 
enjoyed, and shall fall into the opposite pains, which are, 
in general, fiur greater and more exquisite than the sensible 
pleasures. . 

The same conclusion also follows from the iact^ that in- 
ordinate indulgence in sensual gratification, destroys the 
mental &culties, exposes to external inconveniences and 
pains, is totally inconsistent with the duties and pleasures of 
benevolence and piety, and is all along attended with the 
secret reproaches of the moral sense, and the horrors of a 
guilty mind. Such is tlie constitution of our frame, that 
the formation of mental feelings and affections cannot be 
altogether prevented ; but an inordinate pursuit of sensible 
pleasures converts the mental affections into a source of 
pain, and impairs and cuts off the intellectual pleasures. 

Upon the lowest principles of self-inlerestj therefore, the 
pleasures of sensation ought not to be made the primary 
pursuit of life. Even a mere prudential regard to our own 
present h^piness, requires that they should be submitted 
to the precepts of benevolence, piety, and the moral sense. 
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Benewienee enjoins that the pleasures of sense should be 
made entirely subservient to health of body and of mind, 
so that each person may best fill his place inlife ; best per- 
form the several relative duties of it; and, as fiir as in him 
lies, prolong his days to their utmost period, free from 
great diseases and infirmities. All gratifications, therefore^ 
which tend to produce diseases of body, or irregularities of 
mind, are forbidden by benevplence; and the most whole- 
some diet, as to quantity and quality, is enjoined by it* 
Benevolence also most strictly forbids all gratifications, by 
which the' health or virtue of other individuals is injured, 
or by which encouragement is given to others, to depart 
firom the rules of chastity or temperance. 

Hie precepts of piety are to the same purpose, whether 
they are deduced from our relation to God, as our common 
Father and Bene&ctor, who wills that all his children 
shoold use his blessings so as to promote the common 
good ; or from, the natural manifestations of his will, in the 
immediate pleasures and advantages arising from moderate 
refreshment, and the manifest inconveniences and injuries 
caused by excess in quantity or quality ; or fix>m his re* 
vealed will, by which temperance in all sensible pleasures is 
commanded, and intemperance severely threatened. 

In like manner the moral sense absolutely directs to the 
same moderation, whether it be derived expliddy firom the 
fiir^^ing mles of benevolence and piety, or fix>m ideas of 
decency, rational self-interest, the practice of wise and 
good men, the disgusting nature of the diseases consequent 
on intemperance, the odiouaness and mischief of violent 
passions, &c It is evident, therefore, that all Chese guides 
of life lead to the same end^ viz. great moderation in sen^ 
siUe etyofjmentsj though they differ somewhat in their 
motives, and in the commodiousness of their applicationSf 
as a rule^ in the particular occurrences of life. 

By this steady adherence to moderation, we are no losers 
evert with respect to sensible pleasures themselves : for by 
these means our senses and bodily powers are preserved in 
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Digitized 



by Google 



860 MORAL PHILOSOPHY. 

their best state, and as long as is consistent with the neces- 
sary decay of the body ; and this moderation and its bene- 
ficial consequences, directly tend to inspire the mind with 
perpetual serenity, cheerfuhiess, and |i^Kxi will, and with 
gradtude to the Giver of all good. 

We are then great gainers on the whole^ by religious 
moderation as to sensible pleasure t still more so as to the 
sensible p^s and sufierings». which the intemperate bring 
on themselves. These are of the most es^quisite kind, and 
often of long duration, especially when they give intervals 
of i^spite : they impair the bodily and moital powers, so 
as to render most other enjoyments insipid and imperfect; 
they dispose to peevishness^ passion, and murmuring 
against Providence: and they are attended with the pangs 
of a guilty mind. 

On the whofei the proper method of avoiding the sen- 
sible pains, whether the result of excess, or such a^ occur 
in the daily discharge of the duties of life, and of obtaining 
the sensible pleasures in their best and most lasting state, 
is not to aim at either directly, but in every thing to be 
guided by the dictates of benevolence, piety, and the moral 
sense. It is evident that luxury, self-indulgence^ and an 
indolent aversion to perform the duties of a man's station, 
not only bring on gross bodily diseases, but, previously to 
this, often produce such a degree of anxiety and fearfulne&s 
in minute affairs, as to make persons inflict upon themselves 
greater torments than the most ciniel tyrants could inflict. 
There are cases, however, in which persons are obliged, 
firom a sense of duty, from benevolence, from adherence to 
true religion, &c to forego pleasure, and to endure pain, 
and this, where there is no probability of a recompence in 
this life. Here the hopes of ftiturity lend their aid; and 
the present pleasure which these afford, is in some cases 
so great, as to overpower and almost to nnnifaikte the op- 
posite pains. 

" The only rule with respect to our diet," says Dr. Priest- 
ley, in his Institutes, ^" is to prefer those kinds and that 
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quantity of food, which most conduce to the health and 
vigour of our bodies. Whatever in eating or drinking is 
inconsistent with, and obstructs this end, is wrong, and 
should carefully be avoided ; and every man's own experi- 
ence, assisted with a litde information from others, will be 
sufficient tO'kiform him what is nearly the best for himself 
in both these respects, so that no person is likely to injure 
himself through mere mistake." 

It is sufficiently obvious, that it is the benevolent afiec- 
tictas which give the chief value and highest interest to the. 
sensible pleasures arising from the intercourse of the sexes; 
and it also appears that these pleasures were designed by 
the great Author of our frame to be one chief means of 
transferring our afiection and concern from ourselves to 
others. If, therefore, this great source of benevolence be 
corrupted or perverted, the social affisctions depending on 
it will also be perverted, and d^enerate into selfishness or 
malevolence. * It is more or less corrupted or perverted, 
by every indulgence of the passions, out of those limits 
which reason and sound and comprehensive experience 
prescribe^ equally with the revealed laws of God, as best 
promoting the great ends for which they were implanted 
in our frame. 

These limits are fixed by the marriage institutions, which 
philosophy as well as religion, cannot fail to acknowledge, 
as of the utmost importance to the happiness and improve- 
ment o'f mankind. The direct tendency of these institutions 
b, to promote the comfort and moral elevation of that sex, 
to whom Providence has, in a peculiar degree, entrujsted the 
physical care of infancy and early childhood, and the com- 
mencement of the habits^ on which the welfare of the next 
race depends ; to whom is committed the delightfol task, 
of first developing the powers of the understanding, and 

• From this place to the end of the chapter, the present differs from 
the former edition ; in which, from circumstances unnecessary to ex- 
plain, the remainder of the chapter was not written by the Author of this 
division of the work. 
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cultivating and rafining die a£bctions. Independently of 
this more indiieet influence^ diey essentiallj aid in the proper 
carsi and the mental and m<Hral culture of the rising gene- 
ration. They supply a constant and invaluable stimulus 
for the activity and abilities of the patents. They call into 
exercise^ and cherish in the child, those charities which 4une 
the root of general benevolence, and bear a dose rdatioa 
to the afiections of piety. And the moral union which 
they produce between those who form the conjugal relation, 
has a direct and efficacious tendency, to promote in them 
the great ends of life, as well as to refine and dignify its 
present satisfections and endearments. 

To produce the best effects, this union must be inviola- 
ble and for life ; and it should ever be attended with mutual 
esteem and tenderness, with mutual deference, forbearance, 
confidence^ aid, and sympathy. 

The laws of our frame, the plain dictates of fsxperienoe 
and observation, and the express and authoritative precqots 
of the Scriptures, all concur in pointing to steady self-con- 
trol, as the safest, the wisest, and the happiest course ; and 
in directing to avoid, with strict caution, every violation of 
purity and chasti^. Ogden well observes on this subject, 
** Irregularity has naturally no limits ; one excess draws on 
another;'^ ^* the most easy, therefore, as well as the most 
excellent way of being virtuous, is to be so entirely." The 
laws of the Gospel enjoin that we avcnd the indulgence 
even of impure desires. It is a strict, but it is also a bene- 
volent, morality. It checks the evil where it is easiest, where 
almost alone it is possible, efiectually to check it, at the 
source. 

Leaving out of view the mischievous and commonly irre- 
mediable effects of impurity of every kind on the health of 
the bodily system, it is a weighty considersitioUi that licen- 
tiousness corrupts and depraves the mind and moral cha- 
racter, more than any single species of vice whatsoever* 
That ready perception of guilt, that prompt and decisive 
resolution against it, which forms one grand feature in a 
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virtuous charicier, is seldom found in persons addicted to 
these indulgenoes. They prepare an easy adnu30on for 
every sin that, seeks it; they are in low life usually the first 
stage in men's progress to the most desperate wickedness ; 
and, in high life, to that lamented dissoluteness of principle, 
which manifests itself in a prc^igacy of public conduct, and 
a contempt of the obligations of religion and moral pro< 
bity. Add to this, that habits of libertinism incapacitate ) 
and indispose the mind for all intellectual, moral, and /^ 
ligious pleasures: which is a great loss to any man's \ 
happiness.* \ 

Thp moral instructor who is anxious for the welfare of 
the young, must feel solicitous to induce them to shun the 
banning of evils so destructive to their peace and welfare ; 
and he cannot &il to urge them to avoid every kind of in- 
decent language. The advice of the heathen moralist can- 
not be too forcibly recommended or too cautiously observed : 

Nil dictu fcedum visuque hsec limina tangat. 
Intra quie puer est. Juv Sat, xir. 44. 

' ** Far from the walls where children dwell. 

Immodest sights, immodest words repel; 
The place is sacred." 

The Scripture precepts are express on this point: they 
require us to avoid all *^ corrupt communication ;" and they 
point to a future account of our words, as well as of our 
actions. 

In innumerable instances, the first step to ruin has been 
indulging in impure conversation. 

To give the dictates of reason, religion, and conscience, 
their due influence, the disposition to self-restraint should 
be early and steadily cherished, by those who have the care 
of the young; and after they arrive at that period in which 
the passions too often acquire the ascendancy, it should be 

* Paley's Moral Philosophy, Vol. I. p. 297. 
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carefully exercised by themselves. Next to the direct col- 
ture and exercise of religious principle^ notbing can be 
more effectual than a fiill and judicious employment of tbeir 
time, in the yarious engagements of their station, in the oc- 
cupations to which benevolence prompts, in the acquisitioQ 
of usefiil knowledge, and in cheerfid and active, but inno- 
cent recreation. If habits are formed of indolence, and of 
unrestrained indulgence in sleep, in diet, and in mete 
amusement, it is in vain to look for that self<ontrol, which 
was declared to be ^* wisdom's root,'' by one, who through 
the want of it, bli^ted his fidrest prospects, and sunk into 
an untimely grave. 

If we are asked, by any of our young readers, how Aey 
may pass through the present period of their lives, with 
most of honour and of solid enjcyment, and at the same time 
make the best preparation for future respectability, useful- 
ness, and happiness, we should unhesitatingly answer, — 
think nothing allowable, in word or action, which you ftel 
your conscience condemn, and of which you could not 
speak to a respected friend, -—cherish an habitual and ope- 
rative sense of the divine presence, and your own account* 
ableness, — and remember that ** he who despiseth small 
things, shall fall by little and little." 
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CRITERION OF VIRTUE AND RULE OF DUTY. 



Defective Critebia op Vietcjb — Greatest happiness of the Agent — 
Qualities necessary for the heH Criterion of Virtue — Present hoppi- 
ncsBS of the Agent — Good of others — Justice — Moral sense — 
Understanding — Fitness, Beauty, Sec. — The Will of God the 
BEST Rule of Duty — Includes eveo' other — Is itself Uniyenal and 
Invariable — Gives Comprehensiveness and Clearness to the Views of 
Duty — It is a Safe Guide — Carries with it its own Obligation — 
Required by Revelation — Leads to the principle of Religious Obe- 
dience. «— Definition of Viatue ** Pal^s very objectionable — 
Pearson's too limited — Actions not to be sqwrated from their 
motives. 



It has been already stated that the ultimate obligation^ the 
best rule^ and the immediate motive of virtue, are three dis- 
tinct considerations. Inattention to this distinction has 
caused much confusion in moral investigation. 

On the worth and purity of our motives, depends entirely 
the value of any action, as far as the individual himself is 
concerned : and that rule of duty must be the best, which 
is itself the best guide of duty, and at the same time is the 
most likely to-lead to those motives, which, in proportion 
as they have the chief actuating influence in the mind, exalt 
it towaids the highest point of human excellence. The 
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best rule of du^ will, of course, supply the best criterion of 
virtue; or, in other words, the best test by which to deter- 
mine whether an action or disposition is entitled to the de- 
nomination of virtuous. 

Though we set out with the position that the agents 
greatest happiness on the whok is the remotest obligation to 
virtue, yet it is clear, firom the considerations in the former 
part of the last chapter, that thb is not a motive on which 
the mind can rest, without checking its moral progress : it 
cannot be made ^primary motive^ without defeating its own 
end. It is equally clear, that an habitual regard to one's 
own greatest happiness on the whole, as the sole end of 
actions and dispositions, would be continually misleading 
tts from that path by which alone we can reasonably expect 
to reach the object It cannot, therefore, be made the cri- 
terion of virtue. 

To shew that a certain course of conduct is our duty, is 
a good way of proving- that it will promote our greatest 
happiness on the whole ; and, in fact, taking a future life 
into account, we have no other means of proving it; for 
nothing can be more certain, tiian that it is only by a faith- 
ful endeavour to discharge our duty, that we can obtain 
happiness in a state of retribution. That, theiiefbre^ can- 
not be made a criterion of duty, for which •duty does itself 
afford the best criterion. — It would be absurd to em- 
ploy that as the sole mode of judging respecting our duty, 
which du^, as well as a regard to our own greatest happi- 
ness, requires to be made only a subordinate motive to the 
discharge of it, and which, in the highest stages of moral 
excellence, will be entirely lefl out of sight as a modve. 

On this ground, the following statement in Mr. Belsham's 
El^naents, (p. 432,) is very objectionable. ^* Henoe It fol- 
lows, that there can be bid otie rule of rights namely, die ten- 
dency of an action or a£bction to the ultimate happiness of 
the agent, or what completely coincides with this» under 
the government of perfect wisdom and benev(d»ce, to the 
greatest general good : and all distinctions between what is 
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commercially, legally, politically^ &c. right, and what is 
morally or theologically right, are groundless, absurd, and 
in practice highly pernicious." The last part of the para- 
graph is equally just and important : the position in italics, 
is liable to great and injurious perversion. The e&a of 
an action or afiection on the ultimate happiness of the agent, 
must itself be dependent on the will of God ; and that which 
is itself dependent upon another, cannot be the only rule of 
ri^t, and from what we have already stated, it cannot be 
tfaeifs^ 

It is often convei^ient and advantageous to employ some 
one of the less extensive criteria of virtue as, in fisu^ a 
means of applying the most general and best criterion. 
But no quality or effect of virtue can be admitted as the 
tdtimaUj or even as the best criterion, which is in any way 
arbitrary, or dependent upon peculiarities in the mental or 
moral character of the individual applying it, which will 
not include every species of virtue, or which cannot itself 
be made a primary motive to the performance of it If any 
criterion of virtue can be laid down, which is sel£<MHisistent, 
universal, invariable, authoritative, easily applicable, itself 
excellent as a motive, and perfectly and obviously consistent 
with the remotest obligation, that must be the best criterion 
or rule of du^. 

These principles completely exclude from the rank of 
the best criterion of virtue^ all considerations founded solefy 
on a r^^urd to our own present wel&re^ all. views of ind^-- 
dual interest, utility, expediaacy, &c. The tendenof <^ vir^ 
tue to promote our present metfare^ is often a valuable guide : 
and as a subardifutie rule may be anployed with great ad- 
vantage : for, in a variety of instances, the present beneficial 
effects of virtue must be obvious to all who are possessed 
of any tolerable d^ree of experience and good sense. »But 
these consequences are, not unfrequently, in opposition to 
immediate interests and pleasures; and the most valuable 
influence of virtue on human happiness, can be thoroughly 
disceiDed only by the virtuous themselves : the present 
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teffikts of virtue can therefore fiimish no more than a subor- 
dinate test of duty ; and they are in opposition to the high- 
est, so fiu: as they tend to fix the mind upon themselves as 
primary motives. 

The tendency rf virtue to promote the good rfothers^fStkaof^ 
perhaps^ in a greater or less degree, directly or indirectly, 
a constant quality of virtue in all its branches, is often too 
remote and indirect to be easily applicable, exc^ in those 
which immediately respect our fellow creatures. — ^Besides, 
if this tendency were assumed as the test of virtue, it would 
have little authority in tliose branches of self-r^ulation and 
piety which do not obviously affect the interests of others. 
. •— The conformity of actions and dispositions to benevolence, 
is an excellent and extensive criterion of duty ; but we are 
seeking for that which may be truly called the criterion or 
rule of duty. Benevolence has a great advantage over the 
preceding rule, because it cannot too much operate as. a 
motive; it often has a powerful influence in the exercise of 
the personal virtues ; and when supported by the yiews of 
religion, must always appear to be consistent with the in- 
dividual's own highest wel&re : but it will not include every 
species of du^« without a greater extent of moral compre- 
hension, than can reasonably be expected before a high de- 
gree of moral worth has been acquired. 
* Nor can a:Coiiformity U> justice be correctly employed as 
the criterion of virtue ; not even in the sense in which it is 
taken by the Author of Political Justice, (B. II. ch. 2.) who, 
as Mr. Belsham observes, (Elements, p. 442.) makes it ex- 
press " benevolence under the direction of wisdom." A 
disposition to render unto all their due, will, in a variety of 
cases, perfectly coincide with benevolence, and contribute 
to prevent the erroneous direction of this principle; and the 
conformity to justice may with great advantage be made a 
criterion of social vutue, but no fiuther. Justice, as a cri- 
terion of duty in general, is more defective than benevo- 
lence; because benevolence has more influence over the 
dispositions, and will operate more extensively as a motive^ 
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in those cases of duty which are not directly social, and 
where justice does not appear to afford any direction, (ex- 
cept through the medium of benevolence. — Godwin does 
indeed <^ assume the term justice as a general appellation 
for all moral duty,V (clearly by this and his subsequent 
statements excluding from the class of moral duty, the di- 
vine and personal virtues ;) and he defines justice (p. 127.) 
to be ^^ that impartial treatment of every man in matters 
that relate to his happiness, which is measured solely by a 
consideration of the properties of the receiver, and the ca- 
pacity of him that bestows :" but he afterwards (p. 1 50.) gives 
a much more comprehensive account of virtuej which he 
defines ^^ to be, any action or actions of an intelligent 
beingi proceeding from kind and benevolent intention, and 
having a tendency to contribute to general happiness." 
According to this, together with his previous theory, virtue 
is justice in action springing from benevolence in principle : 
but it is clear that even thi$ definition cannot reach the 
virtues which respect God and ourselves ; because though 
benevolence may prompt to them, it cannot be said, with 
any propriety, (nor, we imagine, would Godwin have in-^ 
tended to say,) that they are a branch of justice, especially 
as he has himself defined it 

If the conformity of actions, &c. to the dictates of the 
moral sense^ to the perceptions of the understanding, and so 
on, be made the criterion of duty, it must, fi-om the very 
nature of those mental principles or powers, as we find 
them actually existing in the human mind, be an unsteady, 
ever-varying guide. TThe directions of the well-cultivated 
understanding, or of the well-regulated conscience, (espe- 
cially of the latter,) are oA;en an excellent means of judg- 
ment ; but it is only when they accord with the directions 
of a still higher and more authoritative principle ; and they 
do not therefore possess those qualifications which would 
entitle them to be made the ultimate standard or criterion 
of duty. 

Still less can the cmgi-tiityy JUness, popriety, beauty, &c, 
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of actions or dispositions, &c. be made more than one cri- 
terion of moral worth. Tlie perception of these qualities 
d^ends upon the correctness and extent of the understand* 
ing, and the moral powers ; and they are therefore more 
exceptionable than the foregoing, as criteria of duty.* 

The Will of God, the best Rule of Duty and Criterion of 

Virtue. 
No criterion of virtue possesses the qualifications above 
stated as requisite to make it the standard of duty, except 
the Will of God : and we now proceed to show, that this is 
the best criterion of virtue, or rule of duty. At first sight 
it really appears unnecessary to prove this. It seems a self- 
evident maxim, that the will of an infinitely wise, powerful, 
and good Being, upon whom we are constantly and abso- 
lutely dependent, must afford the best guidance to his 
weak and erring creatures ; and it is probable that no con- 
sistent and serious believer in the existence of such a being, 
can entertain a doubt, that wherever the divine will is 
known, it is our duty to obey it, and that it must be for 
our interest aad happiness to obey it But the &ct is, that 

• The principal supporters of the theory which represents the ohliga- 
tion to virtue as resting on its being agreeable to the eternal and ne- 
ee$taryfitneu of things, are GroHtu, Balguy, and eqtedally Clarke; and 
to a certain extent it is maintained by the advocates of the opinion, 
that virtue carries with it its own obligation, — that the understanding 
at once perceives a certain action to be right, and that therefore it ought 
to be performed. This last source of obligation was 6e£esQded by Cud- 
worth, Butler, Adams, and Price: men whose writings display talents of 
the first order for profound investigation ; and whose errors were the 
errors of confirmed worth, arising from their viewing their own minds 
rather than the actual condition of human nature, and firom their being 
unacquainted with some of the grand principles of the mental frame, 
which would have led them to very difierent conclusions. Lord Shaftes' 
bwy fmd X)r. Hutcheson make virtue consist in a confortnity to the 
dictates of the moral sense: and Adam Smithes theory nearly coincides 
with theirs. The writers who have made virtue consist in -the tendency 
of actions, &c. to the agents greater happiness on tie tehole, have been 
already mentioned. Hume approaches the nearest among the modems, 
to the representing of virtue as consisting in the tendency of actions^ 
&c. to promote the present interest of man. 
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in a variety of instances we are left, even with all the aid of 
revelation, to ascertain the will of Gocl from the subor^ 
dinate criteria of virtue ; and as these often afibrd satisfac- 
tory grounds of decision, and some of them bring into 
view motives which form an essential part of moral excel- 
lence the mind is too apt to rest upon them as themselves 
the foundation of duty, where it would be well to seek one 
more extensive and invariable. 

By making the will of God the criterion of virtue, (in 
otlier words, our rule of duty,) we do in fact include every 
other criterion of virtue or rule of duty that is in itself 
reasonable and just. If, for instance, the beneficial ten- 
dency or utility of actions and dispositions be proposed as 
the rule of duty, we reply, that in so far as they really have 
this beneficial tendency, they must be conformable to the 
will of God ; and that therefore this rule is included under, 
tliat which should be employed as our grand and invariable 
guide. The beneficial tendency of actions, &c. may jn 
some cases, (like the dictates of the conscience in others,) 
be our onli/ guide as to the will of God, and may oft^n aid 
us in the application of the Scripture precepts of duty ; 
and still more frequently they may serve to show us the 
grounds and reasons of these precepts, their importance, 
and their subserviency to the welfare of mankind : but the 
supposed tendency of actions can never be put against the 
law of God, as delivered to us by revelation ; and should 
not therefore be made our chief rule. The same may be 
shown of every other criterion of virtue or rule of duty : as 
far as' it is sdf-consistent , consistent with other principles 
of duty, and really just and useful, it cannot &il to be 
included under that one which it is alike our wisdom and 
our duty to make the invariable guide, the will of God. 

Hie will of God affords a criterion of duty which is ab- 
solutely universal: it extends to every part of the external 
conduct, and to every internal disposition. Some rules of 
duty leave out of sight important branches of moral excel- 
lence: for instance, if , virtue be made to consist, as some 
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moralists define it, in doing good to others, in benevolent 
endeavours to promote the wel&re of mankind, those im- 
portant classes of duty which respect piet]r towards God, 
and the regulation of our own desires and affections, are 
completely left out of view; and there is no doubt that this 
deficiency has, in a vast variety of instances, tended to 
weaken the sense of their obligation, to make them but 
litde thought of^'or, if thought of, viewed as not ess^itial 
to human virtue. Wlien the will of God is made the rule 
of duty, there can be no such deficiency. His will cannot 
but respect all our actions, desires, affections, and -disposi- 
tions. The laws of God, (by which we particularly under- 
stand the revealed declarations of bis will,) clearly extends 
to all these ; and attentive observance of the course of pro- 
vidence, of the dictates of conscience, and of the frame of 
man, while they aid us in the application of the divine 
commands, do also serve to show his will in a d^ree, and 
with a force, proportioned to the extent and accuracy of 
our observation. And even if there be any cases in which 
the Itfws of God fail of application, yet from these sources, 
the mind which is sincerely desirous of knowing and doing 
the will of God, can seldom be at a loss to discover what it 
really is. 

The will of God considered as a rule of duty, is an m- 
variable principle. As far as we are left to ascertain the 
will of God from inferior and subordinate rules, this rule 
must, in some measure, partake of their uncertainty : but 
with the laws of God to aid and gikide us, to prevent con- 
fined experience and erroneous conscience from misleading 
us, it is extremely seldom that there can be any diflference 
of opinion as to duty, where the will of God is honestly 
employed as the standard. If utility be made the criterion 
of virtue, or rule of duty, greater or less degrees of ex- 
perience, peater or less freedom fix)m the perverting in^ 
fluence of selfish feelings, will lead to widely different 
conclusions, if not with respect to the justness of the grand 
principles of duty, at least with respect to the extent ^kd 
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application of them. If the dictates of conscience, (unless 
it be trained by the very rule of which we are speaking,) 
be fixed upon as the guide of du^, we shall find them 
varying in extent, in correctness, and in power, through the 
influence of fiuhion, of prejudice, of ignorance, of prevalent 
opinions and examples. But he who sets out with the will 
of God as his rule of duty, has a fixed principle which will 
not bend to the reasonings of the philosopher, to the opi- 
nions of the multitude, or to the promptings of passion. — 
If indeed, we do not seek for it as a primary principle of 
duty, we may sometimes be led to suppose that conduct to 
be directed by the will of God which is really inconsistent 
with it. But the more we seek for the guidance of this 
principle, humbly, sincerely, and earnestly, the more we 
shall find it; and the more we find it, the more firm, 
steady, and invariable must our views of duty become, for 
the will of God itself must be invariable. 

Farther, by taldng the will of God as our criterion or 
standard, our ideas of duty will gradually become dear 
and comprehensive, and this to a degree which cannot 
be acqmred if we were to rest in any subordinate rule. 
Voluntaiy obedience to the will of God, has an exalting and 
expanding influence on the mind. If our individual wel&re 
be regarded as the foundation of duty, in so far as we make 
it our rule, our views would be confined to our own little 
sphere; we should judge of actions and dispositions only, 
or principally, in the relation they bear to our own personal 
happiness; and leaving out of view the intricacies and per- 
plexities in which we should be continually involved, our 
notions of duty, (unless still guided by the rules of revelation,) 
would be as narrow and contracted as the principle on 
which they are founded. The same thing may be observed, 
though to a less extent, respecting the rules of duty found* 
ed upon utility and conscience^ unless still further guided 
by the rules of revelation : so fiur firom expanding as we 
proceed, our views would then usually become limited by 
diiBculties and objections, which, in the commencement of 
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cmr moral inveitigations, we had dverlooked. But fixed 
upon the will of God as the rule of du^, with an impres- 
sive conviction upon the mind that his will must be right 
and good, and we discern more and more clearly the ten- 
dency of obedience td promote the wdfifure of his raticmal 
creatures : one moral truth serves as the basis for azK>ther : 
as we advance, difficulties lessen:' we see things more as 
they would be viewed by us, if we could take the whole 
into account, and forget their relation to ourselves; and we 
learn to view duty in its whole extent, where other rules 
would leave deficiencies : we learn to view actions and dispo- 
sitions without that undue reference to their immediaie con- 
sequences, to which the subordinate rules of duty, when not 
directed by this higher principle, must too generally con- 
fine us. 

The will of God, ccmsidered as a rule of duty, is in an 
eminent d^ree a safe guide* Several eminent moralists 
have made general expedienqr the criterion of virtue. But 
it is plain that beings who cannot see the consequences of 
any action in their whole extent and connexions, must often 
be inadequate judges of general expediency ; and that if they 
take this as more than a subordinate rule c^duty they must 
be continually misled by their ignorance and selfish preju- 
dices. The true plan undoubtedly is, to ascertain, as &r 
as we can, what is our duty, taking the will of God as our 
rule and guide; and then to pursue it without thinking too 
much on the particular consequences of our observance of 
it. " The happiness of the world," as Bishop Butler ad- 
mirably remarks, « is the concern of Him who is the lord 
and proprietor of it ; nor do we know what we are about, 
when we endeavour to promote the good of mankind, in 
any way but those which he has directed." — Even bene- 
volence will sometimes do harm, unless it is under the 
guidance of religious prindple. 

The will of God is a rule which carries with it its own 
obligation. We may indeed be told, that we have ourselves 
admitted one ground of obligation beyond it, which b 
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brought into view by that definition of virtue, which makes 
it consist in its tendency to promote the ultimate happiness 
of the agent; and it is to be allowed, that we may ask with 
Reverence, Why should we obey the will of God? But'the 
answer is plain and obvious : Because under the govern- 
ment of an infinitely wise, good, and powerful Being, obe- 
dience to his will must secure our greatest welfare. When 
once asked, it is a question which never need be asked 
again* Its answer is a self^vident and necessary truth. 
We say therefore that this rule carries its own authorit|r 
along with it We cannot think of any Ji^A^' obligation 
than the command of that gracious Being under whose 
government we live^ and upon whom we depend now and 
for ever. We have nothing to do but to know what his 
will is, and then obey, with full security that we are doing 
what is wise and right, what in fiict is best for others 
and for ourselves. And we must again observe, that if 
we make the tendency of our actions, &c. to our own 
ultimate happiness, the criterion of virtue, we have no more 
sure and general guide as to that tendency, than the will 
of him upon whom our ultimate happiness depends; so 
that take whatever view of it we wUl, we come to the same 
conclusion. 

It is impossible for any one who regards die Scriptures 
as the authentic records of divine revelation, to hesitate in 
admitting, that the principle of religious obedience is the 
foundation of duty, and that we cannot fidfil our duty, with- 
out making the will of God our rule of life. The express 
dedarations of the Scriptures, the examples they present to 
our imitation, and the views they unfold as to the relations 
in which we stand to God, all point to this truth. 

Lastly : the employment of the will of God as our rule of 
duty, must almost necessarily lead us to make the will of God 
our motive as well as our guide. We are so formed, diat 
what we pursue as a meanst will gradually become our end. 
In whatever way we learn the will of God, (whether by the 
course of his providence, by our consciences, by die frame 
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of mail, or, above all, by revelation,) if we steadily employ 
it as our rule and guide, (although, in the first instance5 
liecause it is our wisdom to do so^ because thus we shall 
best promote our own welfare,) it must, as we proceed, be 
continually obeyed without any explicit reference to its con- 
sequences to ourselves ; and in proportion to the frequency 
and consistency of voluntary obedience to the will of God, 
it will of itself become our ultimate object. — Besides, if we 
take the will of God as the guide of duty, it caimot fall to 
teach us, (what other rules -too oflen leave out of sight,) 
that it is our du^ to cultivate the disposition to obey him, 
to shun his displeasure, to fear him, to love him, to trust in 
him, and to serve him ; and we cannot therefore doubt, botli 
from the natural tendencies of the mind, and frcmi tliose 
views of duty which the will of God communicates, that if 
we do make it our guide, we shall necessarily be led to 
make it our motive. — Habitual, universal, voluntary, in- 
tentional obedience to the will of God, must be the highest 
point of excellence among all his rational creatures. This 
motive must carry along with it, worth and happiness, se- 
curity and peace, in proportion to the steadiness and extent 
of its influence. This the frame of man, and tjie course of 
providence, and the light of revelation, most expressly and 
forcibly teach us. In proportion as the will of God be- 
comes our motive, shall we see clearly, and discharge 
steadily, the whole of our duty : in that proportion shall 
we become like him whose grand end and aim was to pro- 
mote the glory of the great Being who sent him, and to 
finish his work : in that proportion shall we become par- 
takers of the divine nature, and the will of God become our 
will. 

Definition, or Essential Characteristicy of Vjktue. 

When we consider the speculations of philosophers, on 
the subject of moral obligation and the rule of diify, and 
observe the great diversity which exists among them as to 
the iheon/ of virtue, we might naturally expect to find 
great difference in the applicution of their system to the 
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practical principles of morality; but where they have been 
in any considerable degree guided by the morality of the 
Gospel, it will seldom be found that they differ widely on 
any essential point. Yet it is not a matter of slight im- 
portance, what we lay down for ourselves as our fundamental 
principle of duty : some principles are more confined, others 
more accommodating ; and our views of duty will usually be 
found to be clear, extensive, correct, and impressive, in 
proportion as the principle is so, which we employ as our 
foundation. 

The tact is, the idea associated with the term virtue^ or 
rectitude^ or moral worthy is so exceedin^y complex, formed 
of so many notions and feelings, that no definition can di- 
rectly include them alL All that can be expected firmn a 
definition is, that it shall include every object to which the 
term can justly be applied, and exclude every other : but, 
(in such a case as this at least,) it is in vain to look for one 
which shall bring into view all the associated circumstances. 
These will depend upon the mental and moral character of 
the individual, upon his experience and observation, &c. 
And it is owing to an inattention to this circumstance, that 
so many definitions have been given, which in reality are 
essentially defective; though, through the unobserved in- 
fluence of other views, they have not excluded in the minds 
of those who have laid them down, classes of human con- 
duct and dispositions which are certainly a part of moral 
excellence, but to which those definitions do by no means 
extend. 

Pale/s definition (vol. i. p. 41.) whidi is copied fix>m 
Gay's Preliminary Dissertations, is peculiarly defective, yet 
at the same redundant. " Virtue,** he says, ** is the doing 
good to mankind, in obedience to the will of God, and foy 
the sake of everlasting happiness. According to which 
definition,** he continues, " the good of mankind is the sub^ 
ject; the wiU of God, the rtde; eveHastifig happiness, the 
moiive of human virtue.'* If Paley*s acquaintance with the 
principles of mental sdeiice bad been more precise and ex- 
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tensive, it may reasonably be supposed that his dear judg- 
ment would have framed a definition much jaiote saiis&ctory 
than the one he has adopted. 

In the first place, what he terms the subject o( virtue is 
radically defective ; it excludes, because it does not include, 
the personal and divine virtues ; and yet, in the very next 
page, he speaks of the division of virtue into the duties to- 
wards Godj towards other men, and towards ourselves. Jt 
is clear, nevertheless, that Paley's definition does not in- 
clude reverence, gratitude, chastity, temperance, &c. v. , 

Next, his mode of stating his rule is inaccurate. If it is 
said that we do a thing in obedience to the will of another, 
it is obviously implied that we not only do it conformably 
to his will as a rule, but having the intention to obey it as 
our motive. As the expression stands, it excludes from the 
character of virtuous, every action which is not influenced, 
directly or indirectly, by the disposition to obey God ; and 
it is liable to the objection which we shall hereafter make 
to a definition much more satis&ctory than Palej^s. If it 
were designed to represent the influence of rdiigious obe- 
dience as an essential part of virtue, it excludes a vast deal 
of what is usually regarded as justly included under the 
appellation. If the expression in obedience were intended, 
as we suppose, to imply no more than conformably to the 
will of God, it must be regarded as an important verbal 
inaccuracy ; and the expression for which it stands, would 
have rendered unnecessary the statement of the subject of 
vktue. If the 'mil of God be the rule of virtue, conformity 
to that rule, in its various objects, must be virtue itself: 
and if this had been taken as the criterion of virtue, it 
would have been equally needless and embarrassing to in-^ 
troduce any specification of those objects. 

As to the motive^ this is still more objectionable than the 
subject : for it excludes, not only the virtuous actions of 
those who do not believe in a future state, but even those 
which spring from a disinterested regard to the welfare of 
others, to the will of God, or to the dictates of conscience: 
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that is, when an action becomes the most virtuous, it ceases, 
according to the definition which Paley has adopted, to be 
virtuous at all. 

We do not wish to go so far as one excellent writer has 
done, and say that virtue is vobmtanf obedience to the will 
of God. • Undoubtedly every act of obedience to the di- 
vine will, is an act of virtue; but an action may surely be 
virtuous, which does not include an explicit reference to the 
will of Grod, which is not produced by the immediate oper- 
ation of regard to his will. Where the mind is habitually 
under the influence of a regard to the divine will, this prin- 
ciple will indeed operate, directly or indirectly, in almost 
every action, and in almost every instance of the exercise or 
restraint of the afiections : but should we therefore deny the 
character of virtuous, to actions in themselves right, where 
the motive also was right, (for instance^ a strong sense of 
duty, a disinterested desire to promote the happiness of a 
fellow creature,) — or should we deny the character of vir- 
tuous to such motives or dispositions, — because for the 
time at least, there was no direct intention of obedience to 
the divine will, or even any idea then present to the mind, 
tfiat we were in reality acting agreeably to the will of God? 
It is further admitted, that the character of the action is 
greatly heightened, if it not only spring from a sense of 
duty, and a desire to do good, but also from the belief, 
diat it is agreeable to the divine will, and from the desire 
to obey it : indeed it has then reached the highest point of 
excellence : but we contend, that an action is tndy virtuous^ 
if it be in itself right, (i. e. conformable to the will of God,) 
and spring from a sense of duty, or a desire to do good; 
and diis in proportion as these motives are pure, f. e, free 
from an explicit regard to our own real or supposed good. 
The excell^t writer to whom we have referred, (Pearson 
in his remarks on Paley,) has taken as a definition of virtue, 
one which only includes the perfection of virtue. We can 
^ink of no higher degree of it, than what he lays down as 
essential to it, vobmtaty obedience to th^ divine will. It 
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was the distinguishing excellence of our Saviour's character, 
that it was his habitual otgect and aim to do die will of 
God ; and in so &r as his disciples imbibe the spirit of 
their venerated Lord, they will approach that height of ex- 
cellence in which the will o( God will be their wili, and 
his glory their chief aim. But if we refuse the character of 
virtuous to all actions, but*those which directly spring finm 
this ennobling motive, we must not only say that the spe- 
culative atheist cannot be in any degree virtuous, however 
much he may act from a sense of justice, of benevolence. Sec; 
but we must deny the appellation of virtuous to the most 
worthy, just, generous, or humane actions of those, who 
while they believe in the existence and government of Crod, 
yet have little, if any explicit regard to his will. Their 
virtue is defective^ both in its extent and in its worth. Their 
characters want that grand quality which is essentially re- 
quisite to complete excellence, and which would not fail to 
give them stability and purity ; but in so far as they observe 
the laws of benevolence, truth, uprightness, temperance^ &c., 
from a sense of duty, a desire to do good, or any other 
motive consistent with the will of God, their copduct is vir- 
tuous, and their motives are virtuous also. 

Tlie real excellence of Pearson's principles of morality, 
(which have their foundation in religion, in a regard to the 
will of God,) will be preserved, if we define virtue to be ^ 
cor^crmity of dispositions^ and of actions which result from 
them, to the will of God. 

And here we must observe, that the views of duty which 
Revelation unfolds to us, will not allow us, when we speak 
of actions as virtuous, to separate them from their tnotms. 
Actions may, in themselves considered, be right, and yet 
as far as respects the agent, have no moral character, be- 
cause they spring from no worthy principles within : they 
may, as far as respects the a^t, be even sinful, because, 
though right in themselves, they spring from sinful motives : 
for instance, the libertine may afibrd pecuniary aid to a 
distressed family, in order to gain the confidence, and ruin 
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the happiness, of one of its dearest members. — On the 
other hand, right motives cannot make a wrong action right. 
The ag6nt may not be culpable, since his conduct might 
be wrong solely through unavoidable ignorance ; but though 
his motives may excuse him in the sight of God, they can- 
not alter the nature of his conduct. The persecutor may 
really be influenced by the idea of doing God service, and 
may suppose, that what he does is right ; but his acts of 
persecution are not thereby deprived of their real character 
they are wrong, and can be made right by no motives 
whatever. To entitle an action to the appellation qfvirtuousy 
it must not only be rights that is, conformable to the will of 
God, but it must springjrom right motives^ that is, such as 
are conformable to the will of God.* 



\i 



* On this point see Mr. Belsham's 7th section, entitled the Moral 
Value of an Action estimated ; and also Dr. Price's Review of the prin- 
cipal Questions and Difficulties on Morals, chap. 8, and 9. 
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CHAP. XIX. 



PRINCIPLES AND RULES OF DUTY. 

Principles which shpuld have great influence in all our inquiries re- 
specting Duty — Universal Obligation of Truth — Rcles for 
Social Conduct — Justice — Capital Punishments — Justice respect- 
ing Property — Reputation of others — Liberty of Conscience — Pro- 
mises — Reparation of Injuries. 

Ignorance is an excuse for departures from duty, only 
where it is unavoidable. If it arise from the want of a 
sincere desire to seek and find the true patl), or from an 
indisposition to see the truth, because the truth will pro- 
bably condemn, ignorance partakes of the criminality of 
those sources of it, and is responsible for its consequences. 
And the true way to acquire stability and consistency oF 
conduct, is, to enlighten the conscience before hand, to 
form judicious steady principles of action, and to submit to 
their guidance, without allowing «the immediate conse- 
quences to enter much into calculation. To assist our 
readers in this object, is our design in laying befoi-e them 
the following principles, peculiarly referring to the difficul- 
ties of duty, but more or less applicable in all departments 
of moral investigation. 

" (I.) General rules ofdtdy are absolutely necessary for the 

moral welfare of man ; and therefore, whatever tends to 

weaken the influence of any such rule, is, in itself ccmsi- 

dered, an evU. — To perceive the necessity of general rules 

duty m the present condition of human nature, it is 
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simply requisite to consider what would be tlie state of 
things without them. We should then be under the ne- 
cessity of calculating, in every case that comes before us, 
on which side the good or evil attending the proposed 
action preponderates. In. fact, our lives must then be a^ 
series of mere calculation^ and the active employments of] 
life must be interrupted, or altogether n^lected« We 
should be obliged to decide, in numerous cases of continual 
occurrence, without possessing the means of judging as to 
the consequences of our actions. The great mass of man- 
kind would be left without any guide. All would be left 
under the influence of emotion, prejudice, and self-love ; 
and no consistency or regularity could be expected in the 
moral conduct of men. 

We are, not unfrequently, unable to trace completely 
even those consequences of actions, which are immediate 
and apparent ; still less those which gradually arise in the 
silent lapse of time. The consequences of actions may 
last, when the agents have long finished the journey of life. 
Our actions may influence others; our deviations may 
directly or indirectly produce more extensive deviations, of 
which we shall have and can have no knowledge. Per- 
haps there is scarcely an important action of our lives, the 
consequences of which are confined to ourselves, or even 
to our own sphere of observation. 

Besides, if we were unable to lay down general rules for 
moral conduct, and were obliged to decide upon each action 
as it occurred, it is scarcely possible that we should avoid 
the influeiice of heated feeling; and we should seldom 
possess that abstraction of mind, which would enable us to 
leave the present out of consideration, and view with calm- 
ness and impartiality the real tendencies of our actions. 
The cases are innumerable, in which interest or passion 
paint in vivid colours the course to which they prompt.; 
and throw into the back ground, and render almost im- 
perceptible, the dangers which should induce us with steady 
firmness and perseverance to avoid it 
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From these considerations taken t<^ether, it may be re- 
garded as indispensably necessary, that there should be 
general rules for directing the moral conduct ; and from 
this it immediately follows, that coery deviation from a 
general rule ofduh/y must in itsey^ .considered be an evil. 

(2.) In considering the consequences of departing from a 
rule of duty, we must not confine ourselves to the immediate 
consequences ; but must also take into account the ill e/Ekcts 
arising from the limitation of the rule itself, the tendency of 
one limitation to furnish ground for another, die tendency 
of one departure from the rule to lead on to another, to 
weaken its authority in- our own minds, to weaken its 
authority in the minds of others, and so on. 

(S.) Expediency must always give way to tight. Expedi- 
ency peculiarly refers to those consequences of actions which 
come within the sphere of our own actual observation ; and 
of course, our views of it must dep^d upon the comprehen- 
sion of our minds, and upon the extent of our experience 
and observation. Right takes the whole into consideration, 
and rests most on established principles of duty, particularly 
those derived from the divine law. As soon as a person 
has, by any means, satisfied his mind respecting the will of 
God in any particular case, he then knows what Is right 
for him. Expediency is peculiarly the subject xA prudence : 
rights of duty. — Though it is often the part of duty, as 
well as of prudence, to do that which is most expedient, 
yet where expediency appears to oppose a clear rule o( 
duty, we ought not to hesitate in our choice. The right, 
pursued aright, must always prove, under the government, 
of infinite wisdom and benevolence, the most expedient 

(4.) Where the rules of duty are not only agreeable to 
the dictates of conscience, and to thos6 conclusions which 
are' drawn firom an extensive consideration of the external 
and internal consequences of actions, of the firanie of man, 
and the course of providence, but are also sanctioned by 
the express authority of Revelation, they ought not to be 
violated except in cases of absolute necessity ; that is, when 
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after a serious deliberate examination they appear to us to 
interfere in their direction. In such cases, (which, however^ 
are very rare even in our present state of knowledge as to 
duty, and which in all proi>ability wUl hereafter altogether 
disappear,) we must, to the best of our abilities, balance 
the importance of their directions, and decide by the result 
According to the old maxim, We must, of two evils, choose 
the least 

(5.) If ever the rules of duty appear to interfere in their 
directions, we must be considerably guided by the compara- 
tive importance of the rules themselves. In forming the 
comparison, we must take into account, not merely the 
consequences of the particular case, but also the strength 
and universality of their obligation, the consequences which 
would foUow from their being generally ne^ected, and the 
common tendency to such n^lect; and also the nature of 
the consequences, whether they, afiect the religious and 
moral wdfiuie of ourselves and others, or respect temporal 
interests merely. And, again, we must consider whether 
the rules are clear and definite, or whether they are by ^ 
their nature indeterminate : because where they are clear 
and definite, the violation of them i& obvious and certain ; 
where they are indeterminate, the violation of them maybe 
in appearance only ; and the consequent ill effects on the 
minds of others will usually be less in the latter case than 
in the former. — Some may perhaps think, that if all these 
calculations are to be made in cases of duty, the way of 
duty must be indeed difficult and perplexed. The fact is, 
we are now speaking of cases which, if the mind be under 
the guidance of religion, are of rare occurrence. A humble 
devout heart is the best preparation for knpwing our duty. 
The wisest among the sages of antiquity has well said, 
<< Trust in the Lord with all thy heart, and cleave not to 
thine own understanding : in all thy ways acknowledge him, 
and he shall direct thy paths." 

(6.) It appears to be a clear and important moral prin- 
ciple, (founded, in a great measure, on the foregoing con- 

VOL, II. c c 
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siderations,) that the violatkm of any rule of duty is wrong, 
uiilgw it io iiiilill thft> ill unless it is required by some 
other rule which, in the particular case at least, requires 
the preference as more urgent and important. For ie- 
stancei obedience to parents is a clear and posidve duty; 
and when no higher duty interferes, disobedience cannot 
but be wrong: but it may hai^pen, that a parent commands 
what is forbidden by the laws of God ; and it then is not 
only right to disobey, but it would be wrong to obey. 
With respect to the rules of duty, there is, we ^prdiend, 
m middle course. If no higher rule interferes widi the 
operationof that which respects our own case, it is our duty 
to obey it: if a higher rule does interfere with it, it is onr 
duty to neglect iL In every case of moral conduct, there 
^1 is but one right course: every other must be wrcmg. Not 
that all tlie rules of duty are of equal importance: stiO less 
that there are no degrees of right and wrong as fiur as re- 
elects the motives x but that our actions, to have any moral 
character at all, must either be right or wrong. ITiere is 
I no neutrality in duty. 

Univeesal Obligation or Truth. 

A lie is a falsehood told with a design to deceive. What- 
ever be the motive leading to the employment of it, it is 
equally a lie. The moral culpability of the individual may 
be lessened or increased by the motive ; but nothing more. 
We may call it by the mild appellations, untruth^ /alsekoodj 
departure Jrom truths &c.; but the nature of the thing b not 
altered. A falsehood told with a design to deceive, is a lie. 
— The expression, a departure Jrom truths does not invari- 
ably imply any intention to deceive; a breach of truths 
according to common usage, always does. — yeracity 
expresses the disposition to adhere strictly to truth : it is 
uprightness in our words. A departure from veracity always 
implies an intention to deceive ; and still more forcibly does 
a breach of veracity. 
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It is an important maxim in morals, as well as in edu- 
cation, to call things by their right nam^. The odium of 
vice is often lessened by mild expressions respecting it 
And, on the other hand, moral distinctions ai*e often con- 
founded, by giving, to things, in themselves harmless, ap- 
pellations which properly belong only to what is morally 
cuIpAle. Fictitious narratives^ e. g. are not lies : if the au- 
thor pretend that they are founded on fact, or that they 
are true, when such is not the real state of the case, that* 
assertion is a lie ; but the narratives themselves are not lies* 
In like manner, the exaggerations too common in convers- 
ation, and those falsehoods which solely arise from unfor* 
tunate mental habits, without any intention to deceive, and 
those expressions of complaisance^ which though not true in 
their strictly literal sense, are so in the way in which they 
are universally interpreted, — these ought not to be called 
lies. We do not say that they are altogether free from 
moral culpability ; but it is not that of intentional deception. 
Tlie exaggeration, or the expression of compl^tisance, may 
be intended to deceive ; and then it becomes a lie : and in 
proportion as it verges to this point, is its culpability. The 
culpability of the other departures from truth depends upon 
the degree in which the individual has been negligent in his 
endeavours to check, or to correct, so injurious a habit : in 
itself considered, it has no moral quality. 

The above is the only definition of a lie, which appears 
precise and intelligible; and it is accordant with the serious 
use of the term in common language. Paley has contri- 
buted to cause great incorrectness of expression, and even 
great laxity of principle, on this subject ; and when we see 
that eminent writer expressing himself so loosely, as to 
speak of those falselioods whidi are not criminal, as not 
being lies, and laying down as a maxim that fidsehoods are 
not criminal ^< where the person to whom we speak has no 
right to know the truth," we feel apprehensive of the con- 
sequencesy aod should rejoice to be able to prevent them, in 
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aQy insCancey by those principles of morality whidi our rule 
of duty decidedly prescribes on the subject 

Pal^ doeS) indeed, qualify a little the random position 
we have quoted from him, by adding^ <* or more prcq>erly, 
where little, or where no inconvenience results from the 
want of confidence in such cases;" and his illustrations are 
cases of an extreme nature: but he sUll founds the ^li- 
gation of truth upon a balance of known or supposed 
advantages, or even of conveniences; and his authoritative . 
decisions on this point have, we doubt not, often led to 
<Iepartures from truth, where an unbiassed judgment must 
3iave known at once what was the way of duty. 

. If in aniy case benevolence seem to require a breach of 
truth, let the following considerations be fairly weighed. — 
The falsehood must be an evil, as a violation of a positive 
rule of duty, expressly enjoined and strongly sanctioned by 
the revealed will of God. It must be an evil, because that 
rule is of the utmost consequence to the temporal and 
spiritual welfare of mankind : for words are the grand me- 
dium of all tlie influence we have over the happiness of 
others ; and mutual confidence is necessary to this influ- 
ence, not only in cases of present interest, but in those 
which are most closely connected with our eternal well- 
being. It must be an evil, because that rule is dear and 
intelli^ble ; admitting of but one meaning and that per- 
fectly precise and definite : — because the rule is miiversal 
in its application, in no case made to depend upon conse- 
quences, but absolute in its injunctions, and in no instance 
inconsistent with itself: — because the rule is upheld by the 
authority of the conscience, where this is enlightened by 
Christianity, and cannot be slighted without neglecting its 
dictates : — because the rule is so strict, precise, and exten- 
sive, that scarcely any exception can be imagined, which, if 
allowed to be right, will not justify others, and these justify 
or palliate others, and so on ; thereby weakening its au- 
thority and its value, and making way for those baneful 

4 
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effects which necessarily arise from the common neglect of' 
k, in proportion to that neglect : — because the obligation 
of this rule is superior to that of the other rules of social* 
duty, inasmuch as they require truth, and, therefore^ it has. 
their obligation to support it ; and at the same time it has 
an obligation of its own. In most cases, benevolence- 
clearly enjoins a strict adherence to truth, and in like man- 
ner does justice; and justice never sets any limit to its, 
obligation. This of itself would make truth' a duty: but 
besides this, its authority rests on the strong declarations of 
the conscience, and upon the more steady unvarj^ing de- 
clarations of the law of God, and, therefore, upon its pow- 
erful and all-important sanctions* 

Against all this, he who is determined to adhere to dtttjr* 

cannot, with any consistency, place any selfish interests ;: 

no one at least can suppose that the greatest worldly inte-. 

rest can ouhoeigh the obligation. But the limits which ap-^ 

pear sometimes to be set to it by benevolence, have cost 

many a perplexity and many a struggle; and too probably 

many a departure from truth, and we doubt not many a^ 

bitter pang of remorse, when the mind has ceased' to be 

guided by the impulse of feeling, and when the conscience^ 

has* become enlightened by a steady principle of religious. 

duty; for though we cannot but suppose that He who> 

knoweth our frame, will- make every allowance for our 

wanderings from the narrow padi of duty, which not selfish 

aiudety, but real, though, not enlightened* benevolence, has 

produced ; yet piety, whenever it gains its fiill sway in the 

heart, will make it feel its wedmess^ if not presumption, in 

supposing that the good of the creature might lawfully be 

sought by means which the altwise Creator hath forbidden. 

The commands of God must be a better guide for promoting 

the wel&re of mankind, than those affections, which though 

implanted by EQm to excite us to promote it, are capable 

of a wrong direction, and clearly require the support and 

guidance of a higher principle. Benevolence, considered 

9a a rtde of duty, never can be inconsistent in its directions, 
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because it requires us to do the greatest good in our power ; 
and pious benevolence must always fed a confidence, tkat 
this will be best accomplished by a steady adherence to 
that course of duty, which infinite wisdom and benevolenoe 
has prescribed : but benevolence, as it refers to our own 
Jedings, is tdken inconsbtent in its direction, and may mis- 
lead us; — it may dwell upon some supposed good, or 
means of good, when some other ought, in the eye <rf'rea-- 
son, to be the end proposed ; — it may be directed to one 
object, when, if our comprehension were enlai^ged, we should 
give the preference to another ; — and, (what is most to be 
apprehended,) where not completely placed under the di- 
rection of piety, it must often be subyect to the capricioiis 
inconsistencies and partialities arising fi*om self-love. 
Where^ however, the heart is devoted to do good, and 
common prudence is employed in efiecting it, we need not 
be afraid of following the dictates of the benevolent affec- 
tions, unless they interfere for the time with some higher 
principles; nor should we be too scrupulous in our calcula- 
tions, lest we lose means and opportunities which cannot 
be recovered : but wherever our feelings prompt us to sa- 
crifice so important a principle of duty as truth, in order 
to do some supposed good, let benevolence represent that 
it is not immediate good, or temporal interests alone, which 
are to be taken into account, but future evils idso, and the 
spiritual wdl-being of oth^% and ourselves ; and if even 
then conscience is undecided, let piety say, whether in the 
departure from an acknowledged, strict, express, unlimited 
jTule of duty, we can hope for the i^probadon of Him who 
seeth the heart One whose noble sacrifices to a sense of 
duty will ever endear his memory to all, of every religious 
persuasion, who know and can appreciate their valuer (we 
refer to the excellent Lindsey,) has well said, <^ God does 
not want our sinfiil acts ;" and one whose^authority must 
rank high with the Christian, has taught us not to do evil 
that good may come. Obedience to the will of God must 
in all cases .be best for frail erring man. 
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If any case can be pointed out, in which, all dungs 
taken into account, it is rigkty our duty^ to depart from tnitib^ 
than, and then only, can such a departure cease to be wrong 
or contrary to duty. No excq>tion to a rule of duty can 
be admitted, which we cannot make itself a rule of duly t 
and to so clear and definite a rule as that of truth, no ex- 
cq>tive rule can be admitted, which is not itself perfecdy 
dear and definite.* 

We are fiilly aware^ that to adhere steadily to this branch 
of duly, scMnedmes requires considerable fortitude; and, 
sometimes, to make truth really beneficial in the particular 
instance, much presence of mind : but it is not the only 
case in whlth these important qualities are requisite. Real 
fortitude is essentially necessary in almost every department 
of duly: and nothing contributes more to produce it, and 
at the same time to produce a proper d^;ree of prudence 
and presence of mind, than having fixed principles of moral 
conduct, and proposing to ourselves nothing more than a 
single steady aim to discharge our duty, — nothing, we 

• In the last divinon of the article Moral Philosophy, (already re- 
ferred to,) the reader, who U desirous to enter more particularly into 
the supposed limitations of truth, will find some considerations respect- 
ing them, which, if not in every respect sadsfactory to hb mind, may 
assist In giving firmness and precision to his principles of veracity. — 
Hie extreme cases in which the obligation of truth has been supposed to 
ceai^ are of veiy rare occurrence ; but when an exception u admitted 
to a rule of du^, (unless it can be so well defined as itself to form a 
rule,) there u no knowing when to stop. The shades of distinction, in 
cases of moral conduct, are often so much blended, that it requires 
a very discemmg eye to perceive their limits; and all know, that 
when the selfish feeKngs of ease, of pleasure, or of profit, are concerned, 
they never fidl to throw a film over the eye of the understanding, 
and greatly obscure its power of discrimination. Those supposed ex- 
ceptions to truth, which are of an extreme nature, seldom fSul to lead 
the speculative philosopher to others, in which the way of duty seems 
to the Christian moralist perfectly dear ; and these again at least 
famish excuses, and sometimes imaginary justification, for departures 
froi» truth, in which those who judge by the standard of Revelation 
can see nothing but giult. 

c c 4r 
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gliould say, exoq[>t that which is itself of the first oonse- 
quence to the means, as well as.to the end, a hiunble de- 
pendance upon Him, who condescends to call himself our 
Father, a constant r^;anl to hb will, and the desire of his 
approbation as our chief good. 

Regulation of Social Conduct. 

The fundamental ruTe or principal of social conduct, laid 
down by uniyersal unlimited benevolence, is, that in all in- 
stances where others are directly or indirectly concerned, 
we should aim to promote the greatest d^ree of happiness 
in our power, and to cause the least d^ree of miseiy. 
This rule, however, can be rendered eflScadous, only by 
employing subordinate rules, which may be more easy of 
application to particular cases, and firom which nothing'but 
their inconsistency in any instance with the more general 
principle, should induce us to swerve. 

Tlie Scripture precepts, taken in the natural and obvious 
meaning of them, furnish here, and in every other case of 
duty, an inestimable direction. The rules and observations 
which fellow, are in no way designed to supersede the em- 
ployment of the Scripture precepts ; but all are either di- 
repdy derived firom them, or intended to assist in the 
iq>plication of them. These precepts, and the dictates of 
the moral sense, (which, in the mind that has received a 
Christian education, must usually coincide with them,) are 
the chief supports of all that is good, even in the most re- 
fined and philosophical, as well as in the vulgar; and, 
therefore, they ought not to be weakened or explained 
away. 

Having already said what appears requisite for our pur- 
pose on the duty of truth, we proceed to observe : I. That 
benevolence most forcibly directs to strict impartial justice 
in all our social transactions and relations. By Justice we 
understand, the rqrulation of. our conduct by a steady re- 
gard to the rights of others, where our own interests or 
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passions are concerned. Where this principle is prompted 
and regulated by a sense of duty, by the benevolent affec» 
tions, or by a r^ard to the will of God, it may be consi- 
dered as comprehending every branch of the duties which 
we owe tb our fellow-men* If we *^ render unto all their 
due" taking the expression in its widest extent, we do all 
that the Supreme Being requires from us in our intercourse 
with others ; for we shall then be kind and humane to all 
with whom we have coimexion; we shall be desirous of 
their welfare, and earnestly endeavour to promote it; we 
shall cultivate truth, and fidelity, and uprightness ; and we 
shall properly discharge the duties of our several stations 
and relations. In this extensive application of the term 
Justice^ it nearly coincides with Benevolence ; but in its 
more limited and customary acceptation, the two prin- 
ciples admit of « clear distinction. A man may be careful 
to avoid encroaching upon the rights of others, and he 
may give to all what they have a right to claim from him 
as a debt of justice, and yet may have very little benevo- 
lence, and do very litde from the promptings of the afiec- 
tions which it includes. And, on the other hand, we may 
be led away by the impulse of those affections, to neglect 
the strict claims of justice. But in proportion as a sense 
of justice springs from Christian principle, will its direction 
coincide with those of benevolence; and the just, the 
upright, the righteous mai^ will, in the best sense of the 
expression, be a good man. 

To consider in detail the directions of justice, woiild 
obviously be impracticable in this work: but we shall 
suggest an outline of them, to assist in directing our young 
readers in their own inquiries and reflections, enlarging a 
little on some parts as we proceed* 

1. Justice requires tiiat we abstain from all injury to the 
lives and liberties of others. — ^The leading exceptions gene- 
rally admitted to the first object of this rule are, where we 
endanger, or actually take away, the life of another, for the 
sake (rf* self-preservation ; — the destQiction of life, in wars 
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iindertaken for the defence of national spfety or liberty; — 
and the capital punishments inflicted agreeably to the laws 
of the country. As to these last, it may confidently be 
admitted* that those who take any diare in them, (as ac« 
^mexh witnesses, jurymen, judges, or executkmers,) are 
not gwl^ of any injustice. But when it is recollected, that 
at least oneiinndred and sixty species of crime are, by our 
English statute-book, made punishable with death, — that 
the sole justifiable euds of punishment, are, the reformation 
of the offender, the prevention of crime, or both united, — 
and that actual experience has clearly proved, that cafntal 
puni^ments are less eflbctual for the prevention of crimes, 
than othei^ which at the same time give hope of reforming 
the oflbnder, — it i^pears obvious, that justice and humam'ty 
alike require, that those laws which respect capital crimes 
jBhottId be carefidly revised, and that the punishment of 
tleath should be confined to cases, if such thare be, where it 
is absolutely necessary for the welfare of society at lai^ge.* 
2. Another and most extensive branch of justice, respects 
the rights of property. Most divisions of this head come 
particularly under the denomination of honesty. (1.) The 
laws of honesty of course absolutely forbid the taking away 
the property of others by stealth or by force ; that is, they 
fcrliid theft and robbery* (2.) Honesty forbids every way 
of employing the property of others intrusted to us, which 
is inconsistent with the purposes for which it was intrusted, 
or contrary to the interests of those to whom it beloi^ 
Ttm rule of honesty clearly applies, whether the nature 
and extent of the trust have been formally stated or not 

• On this subject we beg to refer our readers to the very valuable 
volumes, entitled. Opinions of different Authors on the Punishment of 
Death, collected by Basil Montagu, Esq.; and also to the other puhli. 
cations origmatiqg in tiie Society formed in' London for the purpose of 
diffiiaing information respecting capital punishments. Eventually their 
object must be successful ; and the time may come, when the name of 
that great lawyer, Sir S. Romilly, who so long devoted himself to the 
cause, shall be placed, by universal soffirage, in the first class aawng the 
benefactors of humanitv. 
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And executors, guardians, and trustees of every kind, lure 
bound by it to execute fiiithftilly the purposes of their 4rust^ 
aooording to the obvious intention of them ; and under no 
pretext to employ the property so intrusted to their own 
private use and benefit. (S.) Justice requires that we do 
not withhold from others their just due. This rule ex^ 
eludes the inhuman practice, (too common in some classes 
of society,} of withholding the just claims of servants or 
labourers; and it requires fi-om all, the payment of their 
just debts at the period, when by express agreement, or 
common custom, they become due. He, who in such cases 
is content with being legally honest, has very litde of the 
genuine spirit of integrity about him. If a man be so cir- 
cumstanced that he cannot answer all die just claims upon 
him, he must not be guided, in his distribution of what he 
cmi pay, by the partialities of relationship or friendship, 
nor even by the feelings of benevolence contemplating the 
greater necessities of some of his creditors: if he can pre- 
vail upon others to give up some of their due, it is well ; 
but he has no right to give away diat which is not his own. 
(4.) Justice forbids our obtaining the property of others, 
(even witli their consent,) on false pretences. This rule 
excludes borrowing money on' false securities; borrowing 
without the means, and especially without the intention 
of repaying ; circulating bills which have insufficient or 
no property to answer them; passing money or bank 
notes which itfa known to be of no current value, and 
aU cases of a similar desoiption. (5.) Justice forbids our 
employing our influence, and especially any species of 
artifice, in order to induce others to ^ve or beqoeadi 
us a portion of their property, to the injury of those who 
are naturally or equitably entided to it. (6.) Honesty 
forbids all frauds upon the public revenue; as trudi 
also does all those which are accompanied (as most are) 
with false statem^its and declarations. Frauds of this 
description have had a powerful and extensive inf u^ioe, in 
weakening moral principle and mutual confiiience: and 
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with respect to those which come imdeF the general head 
of smugglings they cannot be too muck deprecated. 
Smuggled goods, cannot be purchased, without, directly 
encouraging fraud and felsehood in others ; widtout assist- 
ing to train up a set of desperate persons, who are thus 
prepared to make society, in any way they can, thebc law- 
less prey ; nor without increasing the burden of the con- 
scientious, and doing injury to the fair dealer. (7.) Justice 
requires strict uprightness in the deaUngs of trade; and, 
therefore, forbids the employment of fraudulent methods of 
weighing and measuring, the exposure of fisdse samples, 
false representations respecting the value of articles, avail- 
ing one's self of the ignorance of the purchaser to obtain 
more than the marketable value, the concealment of the 
known defects of the commodity, &c — On several of these 
subdivisions, some very important and interesting inform- 
ation may be derived from Pale/s Moral Philosophy. 

S. Justice forbids all injury to the reputation of others. 
A good name is so essential to a person's usefulness, com- 
fort, and interests, that whatever unjustly dqprives him of 
it, is utterly inconsbtent with justice. And though no one 
has a right to reputation for qualities which he does not 
possess, yet all needless, and still more all malicious endea- 
vours to lower it, and the encouragement of others in such 
endeavours, should be avoided, as inconsistent with the 
grand rule of Christian equity, and with the dictates of 
benevolence, and likely to afiect that degree of reputation 
to which the indiridual has a right. We'owe to others 
great caution in forming and expressing un&vourable judg- 
ments of their conduct and character. Cases do, indeed, 
often occur, in which it is usefiil, or even necessary, to 
state our opinions of others ; for the moral warnings for in- 
stance, of the young and inexperienced : justice then re- 
quires that we do it in such a way as shall convey a correct 
idea, and not lead others to form judgments beyond the 
truth. — It is scarcely necessary to add, that all those in- 
jurious statements and insinuations respecting the characteri 
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accomplishments, or circumstances of others, which are 
equally unnecessary and unfounded, whether proceeding 
from motives of malevolence, or from that thoughtlessness 
which so often produces as much mischief as malignity 
itsdi^ are in direct opposition to the principles of justice as 
well as to those of benevolence. 

4. Every one has a right to freedom of thought, and to 
w(ft*ship God after tlie dictates of his conscience; and, 
therefore, justice forbids every thing which prevents or re- 
strains the exercise o£ those rights. It is forbidden by 
justice (as well as by wisdom, piety, aUd benevolence,) to 
inflict any pains or penalties upon those who adopt and pro- 
fess religious opinions different from our own, on account of 
those opinions ; and, in like manner, justice^ &c. forbid us 
to employ any of those minor species of persecution, which 
tend to make it a hardship to follow the dictates of con- 
science. 

5. Justice requires the fiilfilment of our promises. By a 
promise, we excite an expectation in the mind of another 
respecting our future conduct. In proportion to the confi- 
dence he places in us, will he act upon this expectation ; 
and cases continually occur, where it influences the plans of 
life. In less important cases, and, indeed, in all where 
promises are trusted, they do excite expectations, the non- 
fulfilment of which is, in difierent degrees, injurious to the 
individual, but unjust in all. Where a promise is expressed 
in clear and explicit terms, (as every promise should be,) 
it is to be interpreted in the plain and obvious sense, just 
as any well-informed person, knowing the situation of the 
parties, would interpret it. Where it is attended with am- 
biguity, the question should be, what expectations the 
promiser intentionally or at least knowingly excited in the 
mind of the person to whom he made it. 

Great caution should be used in making promises ; they 
should not be made unnecessarily or thoughtlessly. And 
it is an important direction of moral prudence, that we 
make as few as possible. — If we make promises without 
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the intention of fulfilling them, we are guilty of a breach 
of truth, as well as of faithfiilness. They should, as much 
as possible, be conditional only. 'Where an unconditional 
promise is once made, we are bound by justice to fulfil it, 
if we can without an actual violation of duty: and where 
we have placed ourselves under such obligation, nothing 
short of a voluntary release by the individual to whom^ or 
fer whose benefit, it was made^ can annul it. — If expect- 
ations are intentionally and knowingly excited by our ac-^ 
tions, we are under the same obligation. 

6. Where we have committed injury of any kind, whether 
respecting the interests, the feelings, or the moral worth 
of others, justice requires that we do all in our power to 
repair it 
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Continued. 

Principle of Chiifltiaii Equity. — Regulation of Charity. — Education of 
the Poor. — Common Intercourses of Life. — Duties arising from the 
Domestic Relations. — Filial Duty. — Obedience to the Laws. — 
Beneyc^ence should be influenced, supported, and guided by Religious 
Principle. — * Conclusion. 

IL In order to ascertain what justice really requires in vaxy 
particular case, and to produce in our minds a steady con- 
stant sense of what is fit and equitable^ it is an exceUant 
and highly important rule, to place ourselves in the several 
situatiofis of the persons oonoemed, and inquire wb^t wie 
should ourselves then desire and expect from them. 

This rule is so comprehensive, that as far as respects the 
social duties, it may be called the sum and substanee xX 
Christian Morality. Its real object deariy is, not to define 
or describe justice; but to give such a criterion of social 
duty, as may counteract the impressions of s^shness. We 
seldom need fear lest we should carry our imaginary sub- 
stitution to too great a length : our only danger is, last we 
should not go &r enough ; lest we should admit of excq>- 
tions to thb principle, which, if circumstances had been 
real, would have had no place. 
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This rule of duty, says Dr. Rdd, << comprdieiids every" 
rule of justice, without ezoqption. It comprdiends all 
the relatiye duties, arising either finom the more permanent 
relations of parent and diild, of master and serrant, of 
magistrate and subject, of husband and wife : or from the 
more transient relations of rich and poor, of buyer and 
seller, of debtor and creditor, of bene&ctor and benefi- 
daiy, of friend and enemy. It comprehends every doty of 
chari^ and humanity, and even of courtesy and good 
manners.** — <* He who acts iixvariably by this rule, will never 
deviate from the principle of his duty, but from an error of 
judgment And, as he feek the obligation that be and all 
men are under, to use the best means in his power to have 
his judgment well-informed in matters of du^, his errors 
will only be such as are invincible." (Essays on the Active 
Powers, Ess. v. ch. 1.) 

In order to apply this rule according to the obvious in- 
tention of the great Christian Lawgiver, we are (l-)to con- 
sider what we should wish dbne to us, if yr&re in the 
place of the other person, and at the same time were 
possessed of all the knowledge which we ourselves actually 
possess, respecting the object under considention. For in- 
stance, suppose a child requests from a parent a gnitificatimi 
which the parent knows would, in some way or other, be 
injurious to him, is the parent to grant his request, be- 
cause, if in the child's place, he would himself wish to be so 
gratified? The answer is dear; and so in similar in- 
stances. The fact is, in all such cases we are to consider, 
not merely what we might wish, if so &r in the situation 
of .another, as to have all his foolish desires and his ignor- 
ance or misguided opinions ; but what we should desire, 
with all the means of knowledge which we actually possess, 
and with all the views we have of the reasonableness of the 
objects of desire, when not ourselves under the influence of 
passion or interest. The rule is not so much designed to 
teach us what is just and right, as to enable us to see and 
attend to what we do know ; to make us think of the claim- 
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of others, and to overcome the promptings of selfishness. (2) 
We must fiurther consider, not only what we should wish 
for, itfid, as far as respects ourselves only, might reasonably 
wish for, if in the place of the individual immediately con- 
cerned ; but must also take into account what we should 
desire, if in the place of those others, whose conduct or 
happiness will be affected. Suppose, for instance, that a 
favour is requested, which, in itself considered, is right and 
reasonable; we might consider the application of our 
Saviour's rule as necessarily directing us to grant it, be- 
cause, if in the situation of the individual soliciting it, we 
might reasonably wish for success. But it may so happen, 
tliat by attending to his request, we may deprive ourselves 
of the power of discharging more imperious duties to others : 
we may be prevented from paying our debts, or from con- 
tributing as we ought to the welfiire of those who have 
stronger claims upon us. Their claims also must be taken 
into account; but we must be careful that such calculations 
be not made under the bias of selfishness, and that, under 
the pretence of justice, we do not stifle the feelings of com* 
passion and good-will. The doublings of self-love are so 
numerous and intricate, that he who has the sincere and 
earnest desire to do his duty, will be cautious where the 
promptings of interest, or indolence, or other personal 
feelings, are concerned. '* Charity begins at home," is an 
excellent maxim ; and he who neglects his home in order 
to do good to others, may reasonably expect that he will 
do more harm by such neglect, than he can do good in 
other ways : but we should also remember, that this maxim 
is oflen the prompting of self*love, to excuse our covetous- 
ness or our indolence ; and where the good to others is 
present and certain, and the good to our narrow circle of 
domestic relation is distant and uncertain, the latter is not 
to be placed in competition with the former. * 

• On Candour^ an important and perhaps too much neglected branch 
of justice, the reader will find an interesting passage in Mr. Stewart's 
Outlines. 

VOL. II. P O 
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in. Great attention shoold be given to the first impiilscis 
af benevolent compassion. It is well remarked by a judi- 
cious moralist, that in a mind whose moral powers^ have 
been properly cultivated, second thoughts are seldom best 
The first are the impulse of well-regulated feelings, and are 
produced instantaneously, without attention to all the petty 
suggestions of selfidiness, which crowd themsetres in 
various ways into our mind, and which, by leading to doubt, 
and then, aided by inclination, to disobey, prevent the 
efficacy of benevdenoe and conscience, and throw a mist 
over the before clear directions of duty. (See Dr. Aikin's 
Letters to his Son.) Some, however, carry this much too 
far on the other side, and encourage many public mischieik 
through a false, misguided tenderness to criminals, persons 
in distress through present vice, &c. When fi^eUng is 
thus made the guide of conduct, he who can best play 
upon tlie sympatliy, and best decorate his tale of woe, will 
meet with a reward for his ingenuity, due only to the 
modest merit which shrinks from the public view, or at 
least does not obtrude itself upon our notice. The injury 
done to society at large by this ill-directed compassion, (so 
generally prevalent, because it gratifies without trouble,} 
is very great indeed ; and while we have it in our power to 
cultivate compassion and sympathy, by the view and the 
relief of real misery and suffering worth, the desire of such 
cultivation will be scarcely sufficient to exculpate us, (when 
our minds have acquired some degree of compreheosion,) 
from the charge of preferring a selfish, indolent gratifioaiti(»i, 
to the good of others. 

Still Xve should grieve to see the youngs in whose minds 
prudence has not yet been founded on benevolence, listen- 
ing to its cold admonitions, and fdrming calculations wiiich 
might excuse present, but would not prompt to future ex- 
ertions : but we would aim to give their coinpassiofi that 
direction which would point to benevolence, — to benevo- 
lence, which should become the habit of the soul, which 
should be inwrought in the frame, and direct to steady 
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exertion, when the thinlling chords of pity cease to vibrate 
witli their early energy. For this purpose we gready prefer 
the gift of that which is their own, their activity, their time, 
their thought and exertion. That is the most worthy 
charity which is voluntai*y and active ; ^* which makes itself 
acquainted with the object it relieves ; which seems to feci, 
and to be proud of the bond which unites the rich with the 
poor; which enters into their houses, informs itself not 
only of their wants, but of their habits and dispositions," 
and ^* eucotirages witli adequate relief the silent and re- 
tiring suf&rer, labouring under unmerited difficulties." 
(Mai thus.) Alms-giving is often the least part of beneficence. 
We should aim to see that the pec^jniary gifts is rendered 
efficacious by its direction : and often, (by means which 
the female sex have peculiarly in their power,) the money 
bestowed in alms may be increased in utility ten*fold, by 
the prudence and activity of those who gave it. We 
should give, too, kind expressions of sympathy, of attentive 
observance of the wants of others ; we should thus link the 
hearts of others to us, and ours to them. It is by active 
exertions for the good of others, that we most cultivate 
our own benevolence; and, in general, it is from them we 
shall see most fruit 

IV. The education of the poor presents a noble field 
for the exercise and the culture of benevolence ; and the 
prevalence of charity-schools in general, and of Sunday- 
sehools in particular, afibrds to most young persons an 
opportunity of engaging in it. The young should be early 
accustomed to consider the education of the- poor, as an 
object of wisdom, of pleasure, and of duty. And through- 
out life, the diffiision of moral and religious knowledge and 
principle, according to our several opportunities, should be 
regarded as a primary direction of Christian benevolence. 

Where benevolence is under the guidance of a mind en^ 
Ughtened in a common d^ree only, it will contribute its 
exertioiis to diffiise useful knowledge among the poor, and 
to form in their chUdren habits of industry, order, decency, 

nn 2 
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honesty, truth, and sobriety: when it is &rther guided and 
influenced by a strong sense of religious principle, it oper- 
ates still more powerfully and extensively. It teaches us 
to keep constantly in view, the connection between this 
life and another. It gives a value to the moral habits, &r 
beyond their merely temporal effects, great as these un- 
doubtedly are; and it thereby excites to more steady, and 
vigorous exertions to promote them, wherever we have the 
means and opportunity. It shows the continual import- 
ance and efficacy of those religious principles, which are, 
in all cases, such powerful auxiliaries to social and private 
duty; which are so often necessary as a safeguard and 
support to human frailty ; and which, under the pressure 
of pain, of sorrow, or of want, are the only stable sources 
of consolation. 

The general direction of benevolence to which these 
remarks may be referred, is, that we do whatever we can, 
in our own immediate circle, and in the wider circle in 
which our exertions and influence may be efficadous, to 
prevent or check vice, and its consequent evils ; and that 
we carefully avoid whatever will destroy or weaken the 
moral or religious principles of others. The removal or^ 
alleviation of misery is an important object of benevolence : 
but the prevention of evil is still more important and more 
effectual in the amount even of temporal benefit. Here 
no efibrt can be altogether thrown away; at least no eflbrt 
will be prejudicial ; and even if to others it should unhappily 
be unavailing, its efiects will retujcn, to our own bosoms. 

V. Benevolence directs to the habitual exercise of 
kindness and courtesy in the usual intercourse of life, and 
particularly in the domestic circle^ It especially requires, 
that we habitually avoid every thing that will give unneces- 
sary or excessive pain to those with whom we are in any 
way connected. Christian love itself sometimes call us to 
adopt measures which will occasion pain to those whom 
we are bound to benefit : for instance, when our advice or 
interference may be requisite for their welfcre, to prevent 
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temporal sufferings, and above all, moral evil. And here 
fortitude must be exercised to overcome the influence of 
feeling, amiable in itself, but injurious when it opposes the 
dictates of benevolence and sincerity. But benevolence 
has its greatest influence upon domestic happiness, by re- 
straining whatever would give unnecessary pain, by pre- 
venting carelessness as to the peace and comforts of those 
around us. 

Many whose feelings are ardent, and who really possess 
the desire of doing good, seem to think that beneficence 
affords the principal scope for the exercise of benevolence ; 
forgetdng that he does great good who abstains from all 
hatm. They would gladly exert themselves to confer some 
great benefit on their fellow men ; but forget that the sum 
total of good derived fix>m the daily endeavour to avoid in- 
jury, may be, imd often is, much greater than could be pro- 
duced by a great and strenuous efibrt to do good. Care- 
lessness respecting the feelings of those around us, in the 
smaller offices of kindness, may be supposed to produce 
only a momentary uneasiness, or at least a momentary 
pang : yet how much the sum of those moments affects the 
happiness of life, let those say, who have seen, or who have 
felt, the nearest connections embittered by them ; who have 
observed filial affection checked at its bud, by needless 
or even selfish harshness on the part of the parent; 
or, what is much more common, the care, the tenderness, 
the exertions of the parent, repaid by the cold reply, the 
negligent or even disrespectful air, and numerous other 
litde circumstances which are deeply felt, but can scarcely 
be described, arising from the want of an honest desire to 
avoid every cause of painful emotion to those to whom so 
much attention and kind respect is due : or let those say, 
who have observed that relation which was designed, and is 
fitted, to be an important means in raising the mindfi-om 
self, and giving it a lively interest in the welfere of others, 
made, as it so often is, a source of mutual suffering. Those 
virhose minds are formed to give and to receive happiness, 
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hove often lost the power of both, by neglecting a doe re- 
straint upon the irregularities of their dispositions, by want 
of the actuating desire to avoid all needless causes of un- 
easiness and pain : and those have often been involved in 
simiUtr and equally lasting, though not perhaps equally 
acute distress, who with a little care, and a little check upon 
the rotfgfaness of t^nper, and even common attention to the 
feelings of those around them, might have pa;ssed along in 
the journey of life at least with tranquilli^. 

View the subject as we will, so many of the more con- 
stantly occurring distresses of life, obviously arise from the 
want of the sincere desire to da injury to no one, that it 
seems as if what is most wanting for an extensive diffusion 
of human happiness, is, that every one should permit otfatfs 
to be happy if they can. 

Nevertheless, to avoid error, we must add, tlutt carefiil 
abstinence from all kinds of injury to othersi, where it 
springs from genuine benevolence, will never be unaccom- 
panied with the sincere and e£Pectual desire to do good, as 
opportunity oilers. A truly inoffensive Itfe, will be a bene- 
volent life. 

VI. Benevolence peculiarly requires a careftd attention 
to the duties resulting from the more limited relations of 
social life. To enter into the consideration of those duties, 
would here be impracticable. The attentive reader, how- 
ever, even if possessed of but little experience in life^ and 
litde acquaintance with ethics, will be well prepared to pur- 
sue them for himself, by the principles already laid down. 
What we have here in view, is an illustration of the gene- 
ral position, which we shall follow with a few hints respect- 
ing the filial duties. 

About five-and-twenty years ago, in that great moral 
tempest which succeeded the French Revolution, it was 
maintained by some, who were more influenced by the 
ardour of speculation and a fondness for brilliant paradoxes^ 
than guided by that cautious and patient 5«obriety of mind 
which we should ever exercise on subjects connected with 
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the moral wdfiire of mankind, (and others of less abHky 
fell into the same error,) that what are termed the confined 
charities of life, must always be sacrificed to what they 
called the public good; and that uniyersal benevolence 
should be our object, without respect to the supposed 
claims of the nearer relations of household or kindred, 
friendship, gratitude, or affisction. ^ It is not our business 
in the directicm of our benevolent exertion, (to use the 
words of the leading writer who publicly supported this 
opinion,) to consider the relation in which the individual 
stands to us, but that in which he stands to society : not, is 
he tm/ parent, relative, friend, or benefactor, but is be a 
worthy or worthless member of society ?' He puts the 
case, that the palace of the excellent Fenelon had been in 
flames, and that it was impossible to save both Fenelon and 
his servant, but that one might be preserved by my exer- 
tions : <— diat servant might be my son, my &ther, or my 
brother : shall I therefore save him in preference to Fene- 
lon, whose life must be much more valuable tQ the world ? 
Justice, pure and unadulterated justice, (said Godwin) 
would prefer the life of Fenelon. 

Upon the same principle, if my wife, my child, or my 
parent is, with many others, sinking in the waves, I am 
not to rescue the one whom nature prompts me to rescue at 
all risks, if I have reason to believe that some other, whom 
I might save instead, b of more service to society. In such 
a dr^ful alternative, however, few would hesitate in be< 
lieving that the voice of nature is the voice of God. 

The principles we have referred to^ were neither founded 
in that nature which the wise Author of our frame has given 
us, nor in the actual condition of humanity : nor are they 
really oonsistmt with the welfere of society. Their direct 
tendency is to loosen the bonds which bind man to man. 
jOl men would never be loved, if we never loved same : and 
even if some uncommon case occurred, in which universal 
benevolence prompted as a steady principle of action, with* 
out the influence of the more limited charities, they would 
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be too rare to carry on the good work which the Universal 
Parent has given man to do for his fellow moi. — Besides, 
if we were always to be determined in our benevolent exer- 
tions, (both extraordinary, and of constant occurrence, and 
particularly in cdses of immediate urgency,) merely by the 
consideration of the usefulness of the individual to society, 
our lives would be a continual series of calculation; and, in 
general, of erroneous calculation. Who is there capd>le 
of estimating the worth and usefulness of each one with 
whom he is concerned, with complete accuracy ? and what 
two persons could in general agree in their estimate, so ss 
to co-operate with one another? — And, once more, is it 
not in our own circle that we may do most good by our exer- 
tions, by our instructions, by our example? Is it not 
there, in general, that we can see best what is to be done for 
the good of others, and how it is to be dene ? More good 
is commonly to be iefiected by the fiiithful upright dischaige 
of the duties of a man's nearer relations in life, than by his 
n^lecting those duties from the idea of doing good in a 
wider sphere. And if so, those principles must be radically 
erroneous, which would lead us to annihilate the efficacy of 
those more limited charities. 

The domestic and relative charities are undoubtedly capa^ 
ble of being greatiy perverted. The parental affections, 
e. g, may degenerate into foolish capricious fondness, alike 
destructive of the parent's happiness, and the welfiure of 
the child : They may be allowed unnecessarily to limit or 
check the exercise of benevolence. Nevertheless they 
form an essential and most important part of our nature. 
They rise up in the human heart, without our care, and 
almost without our knowledge. They are some of the most 
powerful springs of action ; and oflen lead^ to the most dis- 
interested exertions. They are the root of general bene- 
volence ; and their numerous fibres contribute to draw off 
from self-love, those juices which would otherwise feed the 
wide-spreading shoots of selfishness^ whose noxious influ- 
ence sometimes poisons the sources of individual worth and 
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domestic happiness. They are in fact^ the basis on which 
the whole structure of benevolence and piety is most com* 
monly raised. — The duties arising froih the nearer rela- 
tions of life, are therefore of the utmost importance: and if 
you can truly say that a man is, in the just sense of the 
term, a good husband, a good &ther, a good son, a good 
brother, you may infer, with very little hesitation, that he 
is a maii in whom moral and religious principle has taken 
deep root, and may look to him for great stability and 
worth of character in general. 

VII. The duties of thejllial rekUion^ like all others which 
respect the connexions of social life, may, with great advan- 
tage, be derived from the grand principle of equity, already 
considered. As, however, in the early periods of life, it is 
impossible for a child to enter fully into the views and feel* 
ings of the parental relation, it is best that obedience and 
kind behaviour should be the result of simple and habitual 
affection, of gratitude for obvious benefits continually and 
daily conferred, and of an evident and tender concern to 
do them good. But when the period arrives in which 
restraint, even the most wise and tender, often becomes 
irksome, and the sanguine hopes and eagerness of youth 
make the sober caution of experience appear like timidi^, 
then the great rule of benevolent equity will be of eminent 
service, where there is any proper principle to excite to the 
employment of it 

By it the young would be led to attend to the too often 
forgotten consideration, what return parental solicitude and 
exertion demand. They would place themselves in the si- 
tuation of their parents : and reflecting upon the tender care 
which year after year had been employed to do them good, 
the disturbed nights and anxious days which their infancy 
had caused, the (Continual privations, the constant earnest 
efforts of succeeding years, made to promote their pleasures 
and their welfare, — they would consider whether, in such 
circumstances, they should not themselves justly expect to 
be treated with kindness and attention, to meet with at least 
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uniform civility, and a ready compliance with their wislies, 
even wberdthe reasons for them were not perceived or 
mentioned. They would then be led to perceive, that the 
ju(%ment of their parents should be of great weight with 
them, where tliey are themselves to decide as to their actions 
or ]>lans of life; and that they owe them cheerful subfliis- 
sion where their parents are to decide for them. And they 
would then, too, be led to pcfrceive how much they owe it 
to their parents to keep aloof irom those criminal courses 
which would inflict incurable wounds in tlieir hearts. 

Even where there are many and obvious-faults on the part 
of the parents, still the young should bear in mind that they 
too have had many and great faults ; and that if thdr parents 
had, on account of tliem, been inattentive to their wants and 
wishes, their comforts would have undergone a great dimi- 
nution; and that however numerous parental errors are, 
yet also to them there have been many and great benefits. 

Cases too occur, in which parents become, in some mea- 
sure, dependent upon their children, for the continuance of 
their comforts, perhaps even of their means of subsistence ; 
and their children are in a particular manner called upon,. 
(if filial affection do not render it unnecessary,) to consider 
what would be their own reasonable expectations, were they 
in the place of their parents ; and what they certsdnly will 
be, should they ever be themselves so situated with respect 
to their own children. And if any cases occur, (which, 
however, are not frequent among the wise and good,) that 
children, when arrived at the years of discretion, are called 
upon, by a sense of duty, to act in decided opposition to 
the wishes and authority of their parents, attention to these 
principles will render their oppsition mild and forbearing, 
so as to lessen as much as possible the pain which they will 
at any rate occasion. 

Such considerations will be found of eminent utility to 
those in whose minds the filial affections have not acquired 
tlieir full vigoiur : or who, from unhappy peculiarities in thdr 
parent's disposition, may have firequent call for the exercise 
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of mildness and forbearance. But where the mind of a 
young person is rightly imbued with those affections, their 
natural promptings, aided as they will ever be, in tlie well- 
disposed mind, by the dictates of duty and general bene- 
volence, will almost always so guide the conduct as to 
coincide with the wishes of tlie wisely affectionate parent. 

VIIL Obedience to the civil magistrate, and to the laws 
of the community, is a subordinate general rule of the 
greatest importance. It is evidently for the public good 
that every member of a state should submit to the govern- 
ing power, whatever that be. Peace, order, and harmony, 
result from thb, taken in the whole : confusion and mischief 
of all kinds from the contrary. So that, though it may rea-* 
sonably be supposed, that disobedience in certain particular 
cases will, as far as the single act and its immediate conse- 
quences are considered, contribute more to the public good 
tlian obedience, yet as it is a dangerous example to others, 
and will probably lead the person himself into other in- 
stances of disobedience afterwards, disobedience becomes, 
in every case, upon the whole, of a tendency desti'uctive of 
the public welfare. We ought, therefore, in consequence 
of this rule, to pay proper respect to all persons in autho- 
rity; to observe the laws ourselves, and to promote the 
observance of them where the penalties may be evaded, or 
are found insufficient: to look upon property as a thing 
nbsolutely determined by the laws, so that though a man 
may, and ought to recede from what the law would give him, 
out of compassion, generosity, love of peace, view of greater 
good upon the whole, &c., yet he must never in any way 
evade, stadn, or do violence to the laws, in order to obtain 
what he may think his own according to equity ; and when- 
ever he has offended, or is judged by lawful authority to 
have offended, he must submit to the punishment whatever 
it be, T-(See Hartley's Rule of Life.) 

This rule obviously does not extend to those extreme 
cases, where the people at lai-ge, (for whose benefit cdl 
power should be exercised, and on whose will it must even- 
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tually depend,) aee reason, to resist the exercise of usurped 
or arbitrary power, to change one line of sovereigns for 
another, or to place the existing monarch under those re- 
strictions which may prevent the abuse of his authority. In 
making such resistance^ however, it ought to be perfectly 
dear, that the proposed change will meet with at least the 
concurrence of the great bulk of the pec^le : that the pro- 
babilities of success are adequate to justify the risks wluch 
must be run ; and that the advantages to be gained will be 
such as to counterbalance the immediate evils» — evils 
which must often check the ardour of enlightened and dis- 
interested patriotism, and should be seriously wdghed, not 
only in the more extensive cases, but even in those which 
merely respect the reformation of real or supposed abuses. 
The mass of suffering and of moral evil produced, where 
force must be employed to throw off an oppressive yoke, is 
utterly incalculable ; and, on the whole, more is generally 
to be effected by the gradual diffusion of knowledge, and 
of sound views of the nature and ends of political establish- 
ments, which must eventually, (and often much more rapidly 
than could be expected before-hand,) set a complete bar to 
all injurious encroachments on civiMiber^. 

Nor does this rule extend to those important cases where 
the rights of conscience are concerned. If the laws of the 
civil magistrate require any thing which the law of God for- 
bids, we must, without hesitation, obey God rather than 
man. 

Our readers will, throughout, have perceived our desire 
to rest our moral system upon religious principle ; and we 
may add here, that we regard piety as the best foundation 
and surest support of benevolence. The origin of benevo- 
lence, in the order of nature, precedes that of piety ; and 
benevolence does sometimes, without the direct aid of piety, 
acquire a high degree of disinterestedness, steadiness, and 
vigour. But, as a general' fact, there can be no hesitation 
in afiirming, that without the influence of piety, benevolence 
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will be an unstable, irregular principle of action ; and that 
where it has the support and encouragement and direction 
of Christian piety, its purity, vigour, and firmness, will be 
materially increased, its influence on personal happiness 
gready heightened, and the sphere of its operation widely 
and most beneficially extended. 

As long as human sympathy and encouragement are ne- 
cessary to the warmth and activity of benevolence, as long 
as it depends upon the pleasures of perceived success, as long 
as ingratitude and disappointment have power to cool its 
energy, it will be wavering and uncertain. But place it 
under the dipection of piety, let it be influenced by its views 
and principles, let it possess its hopes and encouragements, 
and it will go on with consistency in the work of duty. The 
influence of those obstacles will less be felt, which some- 
times almost destroy the disposition to benevolent exertion. 
The disappointments of benevolence will lose much of their 
poignancy, when regarded as a part of moral discipline ; 
and viewed in their connexion with the general dealings of 
providence, they will even serve to give it a. more prudent 
and more useful direction. And pious benevolence will 
always find opportunity for its own exercise, in restraining 
the promptings of selfishness, in rooting out all malice and 
ill-will, in promoting the temporal comforts of those around 
us, in endeavouring to relieve their distresses, and above 
all, in promoting their eternal welfare. And there its 
labours cannot be in vain. 

Advice to the Student. 

As we have already stated, our object in the foregoing 
sketch has been, to give that direction in the pursuit of 
Moral Philosophy, which will make the study of it thorough- 
ly beneficial. There is no branch of knowledge in which 
it is of niore importance to set out well. The whole moral 
system will be efi*ected by the principles upon which we rest 
as its basis. And those who have experienced the per- 
plexities which incorrect or partial views of moral science 
4 
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oan scarcely fail<o produce, will not wonder at our sdict. 
tude, to assist our readers in adopting those which can do 
them notliing but good, and which, pursued with prudence 
and good sense, will be eminently serviceable in the whole 
round of moral mvestigation, and in the whole course of 
moral practice. We trust that to those who possess habits 
of thought and reflection, our aid will be of real value. 

We should recommend to those who have hitherto paid 
little attention to the subject, to give a second perusal to the 
preceding chapters before they proceed to other works, for 
which they will then be well prepared. Some we have re- 
ferred to as we went along ; and the reader may find it ad- 
vantageous to consult those references in the appropriate 
places. But he will not of course wish to drfer too long 
the study of Palei/'s Moral Philosophy. Its merits are truly 
great; and it is the more to be regretted, that this eoni- 
iiently useful writer had not habituated himself to greaJter 
accuracy and precision ; and, above all, that he had not 
adopted a more unexceptionable theory of morals. He 
has enlivened and familiarized his subject, perhaps beyond 
example : he has made reaDy profound investigaticms often 
appear simple and even attractive: he has employed 
Christian sanctions and Christian principles, before too 
much neglected by the moral philosopher: and his morality 
is, in general, sound and comprehensive ; and the explic- 
ation of it alike interesting and impressive. The peculiar 
merits of the work are delineated, in Paley's most happy 
manner, in his preface ; and if the student first peruse that, 
he cannot fail to go with interest to the rest of the volume. 
Notwithstanding all the real excellencies of the work, how- 
ever, his system is, in our opinion, fimdamentally erro- 
neous ; and this error in the basis, has, in some important 
cases, led the author himself to erroneous conclusions, and 
has still more produced this efiect among his readers. 

In connexion with Paley, we most strongly recommend 
the study of Pearson^s Remarks on the Theory of MoralSi 
and his Annotations on the practical part of Paley's Moral 
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Philosophy. The Annotations exteinl only to die first 
volume ; and it is much to be regretted that the author ha$ 
not yet fulfilled his promise of presenting the Public with 
a second part. •'— The reader ma^ also derive considerable 
benefit from t}ie jieru^l of a work of real value, though 
of less eminencei viz^ Gisbom^s Principles of Moral 
Philosophy. 

We trust we have already said enough to lead our readers 
to the istudy of Hartla/s Mule of Life ; and with it we 
strongly recommend to their persual two sermons by Dr. 
Priestley 9 on Habitual Devotion^ and the Duty of not living 
to Ourselves^ which may be found in a small volume entitled, 
Sermons by Dr. Price and Dr. Priestley. 

After this, we know no reason why any pai*ticular order 
should be adopted. Those works or parts of works may be 
read, to which the course of study, or accidental circum- 
stances, direct the reader's attention. Respecting the an- 
cient systems of morals, Efifield*s History will give him 
much information. If he wish to enter farther than we 
have done, into the theory of morals, he will find sufficient 
references in BelskaivCs Elements : and in Kippis's Edition 
ofDoddiHdg^s Lectures^ he may obtain abundant direction 
to the best sources of information on practical morality. 
Among the references given by Doddridge and Kippis, he 
will find many to Sermons ; and from the productions of 
some of our most judicious divines, a complete and excel- 
lent system of morality might easily be formed. In this 
view we may mention the Sermons of Barrow, Tillotson, 
Seeker, Jortin, Foster, Seed, Clarke, and Leechman, as 
affording copious sources of moral information. 

Dr. Cogan^s Treatises on the Passions^ deserve to be par- 
ticularly studied in connexion with moral as well as witli 
mental philosophy ; and though the writer of these chapters 
has had no opportunity of perusing Dr. Cogan's late work 
on the theory of morals, he has no doubt that it will well 
reward the study of the philosophical inquirer. 
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Much solid information will be found in Ueid^s Esuys 
on the Active Pawersy connected with practical mondity. 
And we should be inexcusable if we did not refer those of 
our readers who are interested in moral investigatioD, and 
are accustomed to close thought, to Dr. Prices Beview cf 
the principal Questions and Difficulties on Morais^ and to 
Bishop Butlet^s Works. The study of such writers can 
scarcely fail to make a man wiser and better. . 
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CHAP. XXI. 



IDEAS, WORDS, CLASSIFICATION, AND DE- 
FINITION. • 



Object — Omsion — Sources of Ideas — Simple Ideas — Complex Ideas 

— Substance — Modes — Simple — Mixed — Ideas of Relation — 
Importance of the Knowledge of Words — Sources of Names — 
Etjmolc^ — Ambiguity — Modes of conveying the Import of Words 

— Classification — %)ecies — Genus — Arrangement of the Naturalist 

— Specific Difference — Comprehension — Extension — Predicates 

— Categories — Definition — Properties of a good Definition — 
Maxims respecting the Use of Words. 

1 HS Art of Logic is a system of rules and observations, 
by which the understanding is directed in the ascertainment 
of truth, and the communication of it to others. 

It is evident that the ibundaticm of Logic must be laid in 
the principles of the human understanding ; and the Theory 
of Logic must, therefore, comprehend the inrestigation of 
those prindples. It b on this account that we thought it 
best to defer the present dirision of our work, till we had 
laid before our readers an outline of Mental Philosophy, 
And, though we shall not presume upon a complete ac- 
qomntance with the chapters relating to that science, yet 
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they certainly will find it of great advantage in the judi- 
cious study of Logic If, however, they are disposed to 
invert the order here adopted, and begin with IjogLCy ve 
hope they will find this division intelligible, without further 
attention to the foregoing than what our references may 
require. 

Logic b sometimes represented as the art of reasoning; 
but reasoning is only one of the operations of die under- 
standing; and, taking the logical acceptation of the term, 
it is not the most important 

A large proportion of tlie technical terms and distinc- 
tions of the Logician, are of very little value : and they 
would scarcely deserve attention, were tliey not occasionally 
referred to in the writings of those who have been ikmiliar- 
ized with tliem in the schools. Our object will be, to in- 
troduce our readers to an acquaintance with such as may, 
• in some way or other, be of real utility ; and to aid them 
in acquiring those principles, which may assist them in the 
proper use of their intellectual powers. 

Logic is commonly divided into four parts: (1.) Percep- 
tianj comprehending all that respects our ideaSf without re- 
ference to the operations of judgment and reasonings by 
which they may in part have been formed : (2.) Judgment^ 
which respects those decisions of the understanding, which 
arise firom the comparison of the objects of thought: 
(3.) Reasonings which includes tliose operations of the 
mind, by which the relation between two objects of thought 
is inferred from their mutual relation to another: and 
(4.) Arrangement^ or Method^ which has for its object, the 
disposal and arrangement of our thoughts in that order 
which will best display their mutual connexion and de- 
pendence. 

Some writers on Logic omit the last division ; consider- 
ing it as conveniently falling under the head of Reasoning. 
The fact is, the operations of the understanding are so 
complex, and «o intimately connected one with another^ 
that it is not always easy to discriminate them. It is not. 
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however, of great consequence to our present purpose/to 
enter into any nice discussion of these points; but to avoid 
communicating any erroneous ideas respecting the pro- 
cesses oi the mind, we shall adopt a division less scientific 
in form, but which will better answer the leading object 
already stated. We shall, ther^re, arrange this part of 
our work under the following heads ; IdeaSf Ifords, Ctastt" 
Jkation and Dffinition^ Propositions^ Evidence; SgUogisms 
and Sophisms; ObserdcaUms on the Pursuit tf Jhtth. 

Ideas. 

According to the views which we have already endea- 
voured to convey to our readers, our ideas (with the excep- 
tion of those of reflection,} are the relics of sensation, 
variously combined by the operation oi the . associative 
power, and modified, in different ways, by the exercise of 
the understanding. And to avoid unnecessary repetition^ 
we shall presume upon our readers here re-perusing what 
we have said (p.266«*268.) on the distinctions of ideas as 
founded on the laws of association ; and proceed to add 
a few observations respecting Mr. Locke's phraseology, 
which was framed before the operations of the associative 
power in the formation of ideas had been investigated, 
but which still is most commonly adopted by the writers on 
Ijopc, 

Mr. Locke supposes all our ideas to be derived either 
firom sensation or from reflection; and that these are, with 
infinite variety, compounded and enlarged by the under- 
standing. So far, apparently without any acquaintance 
with the compounding influence of association, that great 
pUlosopher had proceeded! and in this view he is un- 
doubtedly borne out by aU that is known of the operations 
of the mind. 

The term simple idea^ in Mr. Locke's nomenclature, is 
applied to all ideas which we cannot consider as made up 
of parte. Such for instance are, (1.) the ideas of light 
and c6lour$^ sounds^ tastes and smells^ of heat and coW, and 
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solidiijf ; and (2.) those oH extenxumjjifftre^ reU^ mtitiom^ &c 
Soneof these are derived frcHu one sense alone; theseoond 
class from more than one senses 

Now a very sli^t acquaintance with the actual fimnatkm 
of our ideas, will convince any one, that the denomination 
stinpfe idea must not be considered 9a refierring to the ideas 
themselves, but to the quidittes which are the objects of 
•them, and fiom which they are derived. Our nocioo of 
solidify^ for example^ so fiur from being a simple idea^ in 
the strict sense of the term, b derived from a vast number 
of impressions, producing the sensation which we experienoe 
when a solid body is applied to the sense of feeling. The 
notion oSJigwrt is still more complex, being derived not 
only from a number of sensations, but also fit>m such as 
vary greatly fix)m one another. The idea of a particular 
plain figure, may be a simple idea; but the notion con- 
nected with the MorAJtgure^ is extremely complex. When 
therefore, in Mr. Lodce's language^ we speak of simpk 
ideas, we are not to understand the word m^ as expres- 
sive of the simplici^ of the ideas themselves, and implying 
that they are elementary ideas, (derived from sin|^e sens- 
ations through one senses) but as referring to the simplicity 
of the qualities of which they are the ideas. We cannot 
conceive or think of soUdihf as a divisible quality ; .and the 
idea of solidity may, therefore, be termed a simple idea. 

In this ^>plication of the tarm, there may htsimpleidtas 
^ reflection as well as of sensation ; such as those con- 
nected withr the words votUionj fidmg^ recoUecHan^ && 
These operations or states of mind, are simple, and, there- 
fore, the ideas of them may be called simple ; though there 
is no doubt that each of these is formed from numerous 
impressions produced by attention to the correspondiiig 
states or operations. 

Following the same method of dassification, Mr. Locke 
oaUs those ideas complex, (without reference to thdr being 
composed of elementary simple ideas,) which are derived 
ftom objects capable of being represented to the mind as 
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oompounded of different parts or qualities. For example, 
the idea of an army he considers as complex, (not because 
the notion affixed to the term is derived from a variety of 
impressions in connection with it, made either through direct 
observation, or by oral communication,) but because we can 
consider an army as made up of parts. He does, how- 
ever, employ this term much more widely, to denote all 
ideas which are derived from any operation of die intellect, 
except the simple ones of sensation and reflection: and 
though it appears, from the theory of association, that he . 
was scHnetimes mistaken as to the nature of complex ideas, 
yet his use of the term on the whole sufficiently corresponds 
with the Hardeyan acceptation of it« 

The mind is in some sense passive, in the reception of 
simple ideas ; its attention of course is requisite, but this is 
all. When the attention is given to the object from which 
they are derived, it cannot exclude or change them. .They 
may be recalled by various associated ideas; but they 
cannot be communicated to any one who has not had the 
external or internal impressions by which they were pro- 
duced. To endeavour to convey to a blind man a concep* 
tion o{ colour, to a deaf man an idea otsoundj or to a person 
who never reflected on what passes within him, an idea of 
the act otjudgingj would be perfectly useless. 

Complex ideas may be conveyed, where the simple ideas 
composing them have been received. And it is the otyect 
of definition, or description, to produce in the mind of the 
hearer the notions or conceptions which are in the mind of 
the speaker. 

Though the elementary ideas which enter into complex 
ideas, must have been derived from sensation or reflection, 
yet many of the combinations of them formed by the oper- 
ations of the mind, have no archeh/pe^ or real existence 
corresponding to them. Complex ideas are, therefore, of 
two classes ; those derived from actual sensation or reflec- 
tion ; and those which are formed by the exercises of the 
imagination and understanding. 
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All the objects of the understanding are properties, or 
separate collections of properties ; and when these last east 
in the same common subject, connected together by some 
unknown bond of union, they are denominated stAsUmces. 
All we know of substances is their pnqperdes; but the 
imagination can scarcely rest, without resorting to some 
support or substratum of those properties ; to which the ap- 
pellation substance is peculiarly impropriated. Body or 
matter is an extended resisting substance ; Spirit is a think- 
ing substance. The real essence of any material substance 
is that peculiar structure of its constituent part^ on which 
its properties depend. Of this we know nothing more than 
that as the resulting properties a^e different, the real 
essences must themselres be difierent. The nominal essence 
is that ooUection of properties from which our notions of it 
are derived, and which the name given to it denotes. 

The qualities or properties by which substances are dis- 
tinguished from each other, or the ideas of them, are called 
Modes (t. €. the manner of being.) If these properties are 
supposed to be inseparable from the substance to which 
they belong, they are called Essential Modes ; if experience 
or analogy teach that they are not thus inseparable^ they 
are called Accidentals Thus extension is an essential pro- 
perty of a stone ; roundness is only ocddentaL 

When the ideas of modes are obtained merely by the 
combination of the same simple idea, they are called Stiiii^ 
Modes. Thus the addition, of unity to itself forms all the 
varieties of number ; and the idea of a dozen^ a score^ &c, is 
called a simple mode ; and in like manner the ideas of ex- 
tension and duration are called simple modes. When, on 
the other hand, they are formed by the combination of ideas 
of different kmds, they are termed Mixed Modes,- such as 
those of beauty^ parricide, &c. — Another dass of ideas 
consists of those derived from the mutual connexions, de- 
pendence, and correspondence, which exist among the 
various objects of thought and perception. These are 
Ideas of Relation. They are of the highest importance; 
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the duties of life depend upon the relations which moral 
agents sustain towards each other. Ideas of relation may 
be clear, though the subjects of those relations are very 
imperfectly known* 

Words, Classification, Definition. 

Words are essentially necessary to most of those grand 
intellectual operations, which are accomplished by the 
direct or indirect agency of the associative power; and 
they contribute in a most powerful degree, to the extent, 
and correctness, and proper direction of all which respect 
the affections. On the first use of words depend, in an 
almost incalculable degree, the improvement and proper 
direction of our intellectual and moral principles, and our 
influence on the happiness and worth of those around us. 

At no very remote period it was common to decry the 
attention which is given, in every system of liberal edu- 
cation, to the acquisition of verbal knowledge ; and there 
can be little doubt that it is, in a variety of instances, car- 
ried to an extreme. The knowledge of thirds should cer- 
tainly go along with knowledge respecting the signs of 
things, and of our ideas respecting them : but those who 
have observed the varied ways in which a well-conducted 
classical education calls into exercise the power of dis- 
crimination, — how greatly it contributes to produce ac- 
curacy in the use of words, and consequent correctness and 
distinctness of ideas, — how much, in short, it cultivates and 
improves those qualities of the understanding, which are 
continually requisite in the usual employments of life, — 
will not readily relinquish the opinion, that no intellectual 
pursuits which are adapted to the early periods of inteUeo- 
tual culture, can fully supply the want of it. 

Words become connected with ideas, solely by associ- 
ation, and the theory of association is of the utmost import- 
ance in all our investigations respecting language. Those 
who are familiar vrith the operations of this principle, will 
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easily understand its influence in the yaricNis changes and 
, modifications which take place in the meaning and employ- 
ment of Dfords. We must presume upon our readers* ac- 
quaintance with what we have already stated on this subject, 
(seep«319 — S2f>») and shall here proceed to offer them scMue 
remarks of a more directly practical, nature. 

Though language is so necessary to individual and social 
imfm>vement and happiness, disadvantages attend it which 
in the present condition of human nature it is impossible to 
avoid. Perhaps they never can be altogether avoided, on 
account of the constant progress of knowledge^ and tlie 
ever-varying influence of external objects, producing con- 
tinual changes in opinions, customs, &c. ; but they may be 
greatly lessened by proper attention to the correct use of 
words. 

There are three ways in which names may be ^ven to 
new combinations or modificaticMis of ideas : (1.) By the 
formation of names altogether new : (2.) Bjr the combin- 
ation'of old words : (3.) By the extention of a term already 
in use, belonging to some other object of thought, having a 
real or supposed resemblance, correspondence, or relation, 
to that for which the name is requisite. The first method 
is suited only to the early progress of language : the second 
is the origin of numerous words in every language that is 
at all copious ; and irom it arise all the varieties of JBexion : 
the third is that which, from the difficulty often attendant 
upon the second, will usually be found most suited to 
natural exigencies, and is most commonly adopted in prac- 
tice. In many instances Uiis extension depends upon ar- 
bitrary, and sometimes upon ill-founded associations; and 
it frequentiy is not easy to trace Uie causes of it. 

Where words have undergone little change from their 
original signification, (as in numerous terms of art and 
science,) etymology is of great advantage in tracing out 
their import ; and it supplies a usefiil check upon the 
changes which might otherwise take place in the appro- 
priation of Uiem. But with respect to words in common 
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use, even where the etymological signification is still appa* 
rent, it not unfirequently afibrds but little guidance in 
determining their present import. This will be found par- 
ticularly applicable to all those words of common occur- 
rence, which relate to mind and its operations; such as 
understanding, invention, taste, &c. — We would not, how- 
ever, be understood to discourage a habit of tracing out the 
etymology of words ; but, on the contrary,* we strongly re- 
commend it, as a valuable means of cultivating that atten- 
tion to them and their import, from which very beneficial 
results may be expected, both in the proper use of them, 
and in the various exercises of the judgment which relate 
to them. 

If is from the gradual, and often imperceptible changes 
in the application and meaning of words, and from, the 
extreme difficulty of so limiting their application in any 
particular cases, tha^t they may convey to the reader or 
hearer nothing more than we wish to convey, that the 
grand difficulties arise in reasoning, and in the reception 
and communication of knowledge. * And it is firom un- 
observed associations, connected with the processes of the 
understanding or the feelings, that words the best defined, 
are often incorrectly employed, or, however correctly em- 
ployed, do not convqr to others the ideas with which they 
are -properly associated in our own minds. This is the 
case with all those terms which do not denote sensible 
ofcgects ; and, in particular, with those which denote rela- 
tions that cannot be precisely defined, and the ideas of 
which are only to be acquired by gradual use. 

One common source of ambiguity, is the various extent 
in which the same word is employed. For instance ; xnrtue 
is sometimes used in a kind of contradistinction to piety, 

* Connected with these remarks, we recommend to our readers some 
observations on the word buhop, in Dr. Watts' Logic (I. iv. «.) : and in 
the following sections of that valuable work, they will find many state- 
ments and examples respecting the distinctions of words, which may 
prove of considerabie service to them. 
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referring merely to the social and personal duties : ia other 
instances it is clearly used to include every branch of duly. 
In like manner, some employ the term morality in reference 
to the regulation of the external conduct, by the rules of 
social and private virtue: others extend it to the whole of 
duty, and make it include the affections and dispositions 
from which the conduct springs. 

Ambiguity is sometimes occasioned by the use of words 
in a figurative sense, — when they are employed to denote 
objects which only bear some real or supposed carresponr 
dence, relation, or resemblance to those which were originally 
intended by the words. Though this change of meaning 
however, is extremely common, (and indeed much of the 
beauty and impressiveness of language depends upoit i^) 
yet it seldom produces obscurity. It is usually obvious in 
what way the word is employed ; and in a vast variety of 
instances, that which in strictness must be termed ihe 
figurative sense is become so familiar, that the plain origi- 
nal meaning is entirely forgotten. Thb is peculiarly the 
case with those words which have been transferred firom 
objects of sense, or bodily qualities or actions, to those of 
intellect or affection : such for instance as virtue, spirit, am" 
bition, &c. And it often happens, that words which in their 
native language were figurative, when transplanted into 
another, have only that import, (or one analogous to it,) 
which they had acquired, when the change of soil took place : 
5uch, for instance, is the word sublime, the universal import 
of which, in our language, throughout all its applications, 
has no reference to its original meanings under {orjrom 
under) the mud. 

Though, however, litde or no ambiguity is produced by 
the figurative use of words, where that is conunon and Ami- 
liar, yet it not unfirequenUy happens, that the figures of 
one language, when transplanted into another, are pro- 
ductive of considerable obscurity. It is not always easy to 
ascertain the precise degree in which the figurative use has 
been employed ; and this is peculiarly the case with respect 
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to those compositions, which are the ofispring of remote 
ages, and which originated among nations whose customs, 
and modes of thought and feeling, greatly diiifered from our 
own. 

The ambiguities of language have the greatest influence 
in all those cases where the passions and affections are in any 
way concerned. Were it not for the efficacy of these in 
warping, or even blinding the judgment, it would commonly 
be easy to distinguish the meaning of others, and to com- 
municate our own ideas intelligibly. And it is a great 
advantage of attention to the different causes of ambiguity, 
(for which we must refer the reader to Watts' Logic, 
I. iv. 7, 8.) that it leads us to take more allowances for the 
errors of others, and to use greater caution and precision in 
the statement of what we suppose to be truth. ' 

We are not here concerned with the modes of arousing 
the affections, and producing a deep impression on the 
mind, but with the pursuit and communication of truth ; 
in other words, with the exercise of the understanding. 
And for this important purpose, nothing is more important 
than the habit of discrimination, (see p. 329. ;) and this has 
a wide field for its most serviceable employment, in the 
ascertaining of the impoit of words, and the careful employ-* 
ment of them according to their import. The habit early 
formed, of accuracy in the use of words, is of incalculable 
service through life. 

Besides the direct reference to the thing signified, there 
are three modes by which the sense of a word may be con- 
veyed: (1.) By showing how it is used in different intelli- 
gible combinations, without attempting any explanation of 
the word itself: (2.) By explaining it by some other equi- 
valent word or combination of words which is more fiuniliar 
to the mind : (3.) By definition^ properly so called, in which 
those parts or properties of the object are stated, which dis- 
tinguish it from all others. The first is continually employed 
in the early periods of culture, (see p. 324'.) It is the way 
in which, by association, the meaningof most words is then 
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learnt; and it shows us how gradually the proper import 
of words is acquired^ and how much the force of them 
must SUBetf in proportion to the opportunities of perodving 
their force* The second pretty much corresponds with 
what Logicians call the D^finitum cftke Name. The third 
is denominated the Dffinitwn qfthe Thing* 

An acquaintance with the Classification of the objects 
of human thought, is of great importance in the business 
of definition, as well as in some of the highest exercises of 
the understanding. And though it is by no means neces- 
sary to be continually employing the technical terms of the 
L^pdan, in order to denote our diybions and subdivisions, 
yet the method itself is of great and constant benefit. 

By comparing together a number of individuals, or dis- 
tinct objects of thought or perception, we observe, that 
though they diflfer firom one another, they agree in certain 
particulars : we accordingly class them together, and call 
the collection or class a Species. On comparing several of 
these qtedes with each other, we find, that though distin- 
guishable from eiudv other, they have certain points of 
resembkmce : and those species which possess this resem- 
bbmce, are classed together, and form a higher ooUectioo, 
called a Genus. The name of the species includes the cha- 
racteristics of the genus, and also the distinguishing pecu- 
liarities of the species. That of the genus includes the 
former, but has no reference to the latter. 

It is obvious, that this classification may be made rapidly, 
by selecting only a few common properties, and making the 
genera extensive, so as to include a great number of spedes; 
or we may divide and subdivide as long as there are com- 
mon properties in which a small number of individuals, or 
of species agree. 

When several genera are classed together, as agredng 
in s<»ie common properties, they are considered as forming 
a Stqferiar OenuSi and of these superior genera, a still 
higher may be formed, and so on till we come to that 
which includes all subordinate geneitt, and is itself included 
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by none. This is called by the Logician, Genus Oeneru" 
lissimum. Descending again irom the geniis generalissimiun, 
we find that a higher genus includes several subordinate or 
If^erior Genera ; and each of these may include others, and 
so on till we come to the lowest collection, namely, that of 
individuals. Now, as in the lowest branch of classification, 
a genus includes several species, each inferior genus is con- 
sidered as a species, in reference to that next above; and 
the lowest rank in the classification is sometimes called 
Species Specialissima. 

That genus which in the scale of classification, is next 
above any species or genus, is called the Proximate Genus / 
and that species which in the descending scale is next 
below, is called the Proximate Species. 

The modern Naturalist, in his classification, finds it ex- 
pedient to adopt more terms than genus and species. • With 
genus generalissimum he has of course nothing to do; and 
the term species specialissima is, at best, but a clumsy ad- 
dition to the arrangement This is therefore generally 
discarded. The system itself however, is of the utmost 
importance ; and it is one grand object of the Naturalist, to 
classify the various tribes of living beings, with which his 
examination into the works of nature makes him acquainted. 
We may add, that it is one great use of Natural History, 
particularly in the early progress of mental culture, that it 
fiuniliarizes to distinct arrangment : and though the order 
of nature often defies the discriminative power of the Na- 
turalist, yet his classification, where wisely constructed, is 
fully borne out, in most of its parts, by natural distinctions. 

To take tHe descending scale. All the objects of Natural 
History are, in the first place, arranged under three grand 
divisions, which are sometimes termed the three Kingdoms 
of Nature. Taking one of these, (the Animal, for instance,) 
it is first divided k^to several Classes^ such as Quadrupeds, 
Birds, Fishes, Insects, &c. Then each dass is divided 
. into various Orders ; the Class of Quadrupeds for instancy 
into Hoofed, Digitated, &c,; or into Bruta,^ Ferae, &c. 
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Each Order, say the Hoofed, is next divided into diflferent 
TVOeSf or Genera; the Horse Tribe, the Ox Tribe, iuc 
Next the Gemis (Horse) is subdivided into several Species ; 
Horse, Ass, 2^bra, &c. And of the Species (Horse) there 
are several Varieties^ such as Arabian Horse, Hunter, 
Racer, &c. And each of these Varieties includes many 
Individuals* 

Now if the Species be Zebra^ the Oenus is Horse; the 
Proximate Genus is Hoofed Qsmdruped ; the next higher, 
is Qiiodruped; the next is Animal; and the highest, or 
Oenus Generalissimum, is Being. With respect to Aninudj 
Quadruped may be termed Species; and so in the other 
cases : but this is obviously a less perfect nomenclature than 
that of the Naturalist. 

That property, or collection of properties, by which a 
species, is distinguished from all other species under the 
same genus, is called the Specific Difference; and in like 
manner the properties which distinguish the genus from 
all other gena:*a under the same order or superior genus, 
is the Generic Difference* — Tims the species Horse is dis- 
tinguished from the other species of the horse tribe, by its 
langjlowing mane^ and bushy tail covered with long hairs ; 
and these circumstances constitute its Specific jDiflerence, 
The genus Horse is distinguished from all other hoofed 
animals, by its being whole-hoofed; this constitutes its Ge- 
neric Difference. 

The Ifumerical Difference is that collection of properties 
which distinguish the individual from all other individuals 
under the same species : thus the properties of time^ place, 
rankyfffxre, character,^ actions, and other incidents, distin- 
guish one man from another.* 

The Comprehension of a general term refers to the pro- 
perties or circumstances which it comprehends ; the ExUn^ 

• Genus, Species, Difference, Property, and Accident, were termed 
by the older Logicians the Fwe PredicaHes ; because, said they, what- 
ever is predicated or aftirmed of any subject, must be one or other of 
these. 
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Stan of it refers to the number of individuals to which it is 
applicable: the greater the comprehension therefore, the 
less the extension ; and vice versd. Thus the term beings 
comprehends only the single idea of existence; but it ex« 
tends to an infinite number of individuals. On the other 
hand, the term quadruped extends to a much smaller num- 
ber of individuals ; but it includes the circumstance, that 
the being to which it is applicable is an animal having four 
legs. 

The habit of correct arrangement in reference to the 
various objects of thought, is of incalculable service in every 
department of science ; and it greatly contributes, not only 
to the successful pursuit of ktiowledge, both physical and 
mental, 'but to the beneficial communication of it to others. 
And it may reasonably.be admitted, that, notwithstanding 
all the absurd and endless distinctions to which they have 
led the Logician, the ait of Logic has done infinitely more 
for science by its principles of classification, than by its 
syllogistic subtleties. 

That this fondness for arrangement was however carried 
to a wild excess, is obvious fi-om Aristotle's attempt to class 
all the objects of human thought under ten heads ; which 
were called the Ten CcUegqries ; viz. Substance, Quantity, 
Quality, Relation, Action, Passion, Time, Place, Situation, 
and Habitude. These have been expressed in the following 
technical distich. 

Arbor sex servos ardore refrigcrat ustos, 
Run eras stabo, nee tunicatus cro. 

We quote these lines, merely to show in what way the 
School-men sometimes exercised tlieir understandings, 
and what means they devised for the intellectual culture of 
others. 

The Logician's rule for Definition was originally 
founded upon these Categories ; but neglecting its source, 
it must still be admitted to be perfectly complete and satis- 
factory. 
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If the ol^ect to be defined, be denoted by a general term, 
join to the name of iheproxinuUegenta the specific d^erencx; 
thus a Quadruped is an Animal ^i^ Jour feet : a Square is 
a Rectangle havitig all its sides equals or an Equilateral 
Rectangle. In like manner a Rectangle is a ParaUdogram^ 
having all its armies right angles* A ParaUdogram is a 
QjtadrUateral figure baring its opposite sides paralld. 

And following the same system, if the term be sl particu- 
lar one, we are directed, in defining it, to jmn to the name 
of the species spedaUssima the numerical difference. But de- 
finitions of individuals are more properly called Descrip- 
tions. 

Divested of the logical phraseology, and extending a 
little the application of the term Definition, we may repre- 
sent it to be a statement of those parts oi properties o£ a 
thing, or circumstances respecting it, which distinguish it 
from all others. In some cases, we can only define by a 
negation of properties; for instance, the terms infinite, cold, 
&c. admit of no positive definition. Other terms are ex- 
plicable only by the use of synonymous expressions, or by 
refisrring to the things denoted by them : but these are best 
termed Explanations. 

A good definition must be applicable to all the particular 
species or individuals included under the term defined, and 
at the same time exclusive of all other species or individuals. 
A definition of Man which should exclude the Hottentot, 
and another which should include the Oran Otan, would, 
in a logical point of view, be equally exceptionable. — In 
proportion to the gpedes and varieties included under the 
generic term defined, must, of course, be the diminution 
of its comprehension ; and it becomes extremely difBcult, 
in many cases, to obtain such a selection of properties, as 
shall include every individual which oug^t to be included, 
and yet be sufficiently exclusive. Plato's definition of Jtfim, 
(viz. ajeatherless biped,) was justly made by Diogenes the 
object of ridicule; yet we do not learn that the Cynic gave 
any better. 
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A definition ought to be itself dear and plain. The 
terms employed should be precise and intelligible; and they 
should bring the import forcibly and distinctly before the 
view of the mind, so that good sense alone should be requi- 
site to make it properly understood. If the terms employed 
in a definition are not in common use, they should them* 
selves be first dearly defined : but, in general, if definitions 
are designed for those who are banning any science, it is 
better to err on the side <^ difiuseness, than to employ 
terms which are not familiar. Thus for a learner it is 
surely best that the square should be defined, a Jour sided 
Jigare having all its fides equalj and all iis angles right angles^ 
yet the same thing, as already mentioned, may be denoted 
by two words. Though, however, (]iat degree of brevity 
should be carefully avoided in a definition, which may make 
its import obscure, no unnecessary terms should be used; 
and the sole object should be to give a distinct, clear, 
and fcM'cible representation or discrimination of the thing 
signified. 

We shall close this chapter with a few connected 
ma^ms. 

(1.) Do not allow in yourself the employment of words 
which have, as commonly employed, no meaning at all, or 
a very loose and indeterminate one, or even one absolutely 
false. Many persons write and speak nonsense, from in- 
attention to this simple principle. 

(2.) In all your private investigations, and in the com- 
munication of your ideas to others, accustom yoursdf to 
employ words in a precise and determinate sense. Careful 
attention to the import of words, is necessary to success in 
the search after knowledge, even when the internal -operar 
tions of the mind are alone employed. We cannot carry 
on any long train of thought, without the internal use of 
words ; and we are liable to the influence of their ambigui- 
ties, as weU in those mental processes, as when engaged in 
the communication of our ideas: In this last emplojrment, 
it should be our object carefully to avoid all needless am- 
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biguity ; and, without entering too much into formal state- 
ments of our meaning, it will usually be easy to limit the 
acceptation of those leading words, on which the cor- 
rectness and intelligibility of the whole reasoning may 
depend. 

(S.) When engaged cm the productions of others, aim 
to ascertain in what way precisely the author emfdoys his 
terms, especially those which are of a somewhat amh^ous 
nature, and on which the stress of his argument may rest. 
If it were the object of the reader to ascertain the real 
meaning of the author, rather than to try his. words by his 
own i^eas, which may be incorrect, numberless volumes of 
wrangling controversy, in every departm^t of knowledge, 
would never have been written. 

(4.) Where distinctions have been laid down by writers 
of good authority in tlie use of words, bdbre considered as 
synonymous, aim to observe the distinction, and to extend 
its use.* We may sometimes lose in rhetorical effect by 
such niceties ; and undoubtedly tliey may be carried to an 
extreme : but it is only by affixing distinct and definite ideas 
to terms, that we can reasonably hope to carry out of the 
sphere of mathematics and physics, that precision and cer- 
tainty which distinguish thosq sciences. 

* Gtnuineneu and Authenticiti/ were formerly confounded by writers 
of eminence. The late venerable and enlightened Bishop of Llan- 
daff probably first introduced the distinction now universally adopted, 
making genuineness refer to the author, authenticity to his statements. 
A book b genuhfe, if written by the person to whom it is ascribed; <m- 
thentic, if the facts contained in it are true. 
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PROPOSITIONS — EVIDENCE — SYLLOGISMS 
— OBSERVATIONS ON THE PURSUIT OF 
TRUTH. 

Pbopositiomb : — Subject — Predicate — Copula — ^Various kinds of Pro- 
positions. Ev ioENCB : — Certainty — Sense — ^.Consciousness — In* 
tuition — Experience — Reasoning — Testimony — IMvine Authority* 
Syllogisms : — Utility of the Syllogism — Moods — figures -* Com- 
plex Syllogisms — Epichirema — Dilemma — Sorites — Eathymeme 
-* Indirect Arguments — Sophisms. Puesuit of Teuth : — Analysu 
— S3mthesis — Generalization — Induction — Analogy — Causes of 
Error — Qualifications for ascertaining Truth. AnvicE to tux 
Stubbnt. 

A. PBOPOSITION is an assemblage of words, in which 
one thing is affinned or denied of another : for instance^ 
ChM is heavy f Same men are not wicked. The term is ex* 
tended, in the mathematical sciences, to include not only 
the statement of a truth which it is proposed to demon- 
strate^ but also that of some construction which it is pro* 
posed to make : in' the former case the proposition is odled 
a Theorem^ in the latter a Problem. 

Respecting the mental operations which accompany the 
statement of a proposition, in the mind of the speaker, and 
of the hearer, we have had occasion to make a few observa* 
tions in p. 823— S26.; and we beg to refer the reader to 
them before he proceeds. 

However complex a sentence may appear, yet if there be 
but one affirmation or nation throughout, it is only cme 

proposition. 

F F 2 
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That concerning which any thing b affirmed or desiied, is 
the Subject of the proposition. The Predicate is that which 
is affirmed or denied of thesulgect. And the word by wluch 
the assertion is completed, is called the Capuku Thus in the 
proposition. Gold is jfeltawy geld is the subjects yettcno the 
predicate, and is the copula. The word expressing the n^a* 
tion, is considered as a part of the copula; as in the propo- 
sition, Man is not immortaly is not is the copula. Some 
would also make the negative word a part of the copula, 
even where it b connected with the subject : thus in the 
proposition, No man is without sin^ they make man alone the 
subject But it is much more simple and natural to r^aid 
the negadve word as a part of the copula, or of the subject, 
or even of the predicate, according to its connexion in 
sense ; and it causes no perplexity in logical distinctioos to 
follow this arrangement. 

It as fiot necessary that there should be three separate 
words to form a proposition. The asserting wordj or verb 
(see Vol. I. p. 67.) may include, in its peculiar form^ the 
subject and the predicate ; and there is no verb, except be 
and the corresponding words, in other languages, wYucb does 
not include a part of the ptedicate. Hius otmi includes / 
thesutgect,am the cqpula, and Uwing the predicate : in our 
own language, the subject is never included in the verb^ 
(though sometimes it is Idl to be supplied from the preced- 
ing sentence,) but the predicate is continually included; 
thus, Troi^ 'waSf means Tro^ was once existing. The inter- 
esting inference, is merely inference. 

When the subject and predicate express precisely the 
same idea, the proposition is called identical. The terms 
may be the same, and yet the ideas different : as. Home is 
homei meaning that the place where we usually reside, pos- 
sesses those comforts and delights which give it an exclusive 
right to the appellation home. 

Identical propositions are oflen extremely nugatory ; 
especially those which, though not designed to be explana- 

17 
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tory, have their subject and predicate exactly of the same 
import, and yet are supposed to give information. 

Some valuable writers on the nature of mathematical evi- 
dence, have caused much perplexity, and obscured truth, by 
usmg the term identical instead of equivalent. To say that 
the proposition, Tlie three angles of a triangle are equal to 
two right angles^ is an identical proposition, is an unhq>py 
misapplication of the term. . The diree angles are equal to 
two right angles ; but they are not themselvea^ two right 
angles. — If a triangle and parallelogram stand upon the 
same base, and between the same parallels, the triangle is 
equal to half the parallelogram; but the triangle is not 
identically the same, though equal in extension with half 
the parallelogram. The two magnitudes are equivalenty not 
identical; an'd the prc^sition itself should not be termed 
identical. 

When the predicate is (tffirmed of (he subject^ tfie pro- 
position is cfffirmatvoei when it is denied of the subject, the 
proposition is negative. Man is mortal is an affirmative ; All 
men are not wise, is a negative proposition. Those propo- 
sitions in which the negative term properly belongs to the 
subject, are most conveniently classed with negative propo- 
sitions, and are universally so r^arded by logicians, thoagh 
in strictness they are affirmative* Thus, No good man is 
dishonesty is considered as a negative proposition. 

When the subject of a proposition is a general teim taken 
in its whole extent, (that is so as to extend to every indi- 
vidual included under it,) the proposition is called tmnwr- 
sal. When the subject is limited to some one or more 
of the species or individuals included in it, it is called 
a particular proposition. No man is almighfy, JBvery crea^ 
ture had a beginning, are examples of universal propositions : 
Few men are truly good. There aref&o) men that are strictly 
upright, are particular propositions. 

Wh^ the subject is an individual, the proposition is 
termed singular; and since the subject is necessarily taken 
ill' its whole extent, it is classed with universal propositions. 

F F 3 
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The same may be stated of those propositions whidi, thoogb 
Chey are indefinite ^ from having no mark of universality pre- 
fixe^ me still in realily universal in their import; as in 
the propositions. Drunkard* are irrationaly A planet is con- 
iinuaUy in motiony clearly implying AU drunkards^ Eoery 
planet. — There is another class which are arranged under 
the general bend of universal propositions^ since the subject, 
however expressed, is used in its whole ext&at; nameiyy 
those in which the suliject is a collection of individuals, not 
taken distr&butively but collectively. The distinction is a 
simple and obvious* one. If we say,. Every soldier in tie 
mroy of Alexander toM hravey we have a distributive propo* 
sition, and of course the predicate refers to each soldier 
taken separately. But if we say, AU the soldiers qfAlexan-- 
der wuxde but a little army^ we have a coUeetive proposition, 
where the all refers only Co the collection of soldiezs, not tet 
the soldiers individually. 

liniveBsal propositions are often employed with great de- 
viation from logical correctness : and in all compositions, in 
which the copimunipatipp of truth is the object, they should 
be used with caution. Nevertheless, in numberless in- 
stances, where not altogether correct, they can produce no 
difficulty, provided they are interpreted by the plain dic- 
tates of common sepsQ ; and may be safely 1^ to it for in- 
terpretatiop. The eastern writers, and pratora and poets 
of all ageSf abound in these hyperbolical statements : and 
they must always be received under those limitations and 
exceptions which the subject naturally imposes. 

Before, therefore, we proceed to make deductions from 
any proposition, we must first of all consider what is its 
real import, what the speaker or writer meant it to convey. 
And indeed this simple principle, and one or two others of 
a similar nature, would of themselves render unnecessary a 
multitude of the rules which have been invented by the 
mere technical Logician, without his at last accomplishing 
his object, viz. to enable us to perform correctly all the 
operations of reasoning secundum artetOy without the aid of 
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the intdlect. The rules of sound Logic can have in view 
only to aid the understanding in its operations, not to 
supersede them. 

Universal and particular propositions are said to diffisr in 
qtunUity j affirmative and negative, in quality. And to de- 
note the quantity and quality of propositions, with a view 
to the rules of the syllogism, the first four vowels are em- 
ployed: A, denoting universal affirmative; e, universal 
n^ative; i, particular affirmative; o, particular negative. 
The distinction will be easily recollected, if the learner 
bear in mind that a and £ are universal, and a and i af- 
firmative. • 

If two propositions differ both in quanti^ and qualily, 
as (a) AU men are wise, (o) Same are not wise, they are 
called contradictory. One must be true, the other fiilse. 
If jtwo universals difier in quali^, as (a) All men are wise, 
(k) No men are wise, they are called conirary. JSoth may 
be fidse, but both cannot be true, . 

When the subject and predicate of a proposition can 
change places without affiscting its truth, the proposition is 
said to be reciprocal; and the change is called the con- 
version of the proposition* This may be made whenever 
the predicate and subject have exactly the same extension, 
or the same comprehension : but though in such a case the 
new proposition may be strictly true, it may not convey 
the full import of the original proposition in the case in 
which it was used. 

When a proposition simply expresses the connexion be- 
tween the predicate and the subject, it is called pure or ab- 
sobiie ; when it expresses the way or manner in which the 
predicate is connected with the subject, it is called modal. 
Thus A good man must be honest, is a modal proposition. 
It may be*changed into an absolute proposition by making 
some term equivalent with that ^hich expresses the mode, 
the predicate, and the rest the subject ; thus the fi>regoing 
may be thus changed. That a good man should be honest is 
« necemary thing. 

F r 4 
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When the asserd^n is made under certain suppanbons 
or additions, the proposition is called conditional or hgfo- 
thetical: as, If men follow the laws of duty^ they wiU le 
hiqjpy. 

If the proposition has hot one subject, and one predi- 
cate^ it is termed a siwqfle proposition: if it hare two or 
more subjects or predicates, or both, it is a compound pro- 
position ; as. Learning and virtue are better than richer and 
power. — A compound proposition may be resoWed into - 
several simple propositions^ 

EviDENCEi. 

Moral Truth consists in the agreement between our 
words and our thoughts ; when we say- what we believe ta 
be true. Logical truthy or truth abstractedly considered^ 
is the agreement of words or ideas with reality. 

The grounds upon which we believe a proposition to be 
true, are called Evidence^ Of evidence there are various 
degrees and diflerent kinds.; and it is one of the most im- 
portant qualities of a sound understanding, to be able U% 
estimate evidence according to its nature, to perceive its 
fi>rce^ and to admit its appropriate influence on the mind. 

Certainty expresses the strongest degree of convictimi ; 
it also denotes the highest degree of evidence^ Certaitity 
considered as a degree of belief^ may be formed where 
there is not the highest degree of evidence; and some 
minds can resist the highest degree of evidence, so as not 
to derive certainty from it. 

The human mind is so formed, that truths of grand prac- 
tical importance, from their innumerable connexions witk 
other truths affecting the conduct and happiness oEman^ 
and with the frame of nature, and the course of providence^ 
may acquire a degree of conviction, which could not Im 
surpassed by the clearest and most satisfactory evidence of 
that description which the human mind in a sound state 
cannot resist. The religious man feels as strong a con- 
viction in the being and moral government of God, as the 
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fhathematician does in a proposition whose demonstratioif 
is complete, and which he fully understands. The evi^ 
dence in the two cases is of a different nature ; but the 
Tariety, extent, and constmitly operating, influence of the 
one, where the mind is properly disposed to receive i^ 
fully compensates for the direct and iueontrovertible power 
of the other. This is an- important feet, arising from the 
constitution of the human mind; and it is intimately con- 
nected with the condition of man as an accountable and 
moral being. — It is one grand object of education so tot 
train up the afiections and the understanding, that truth 
may be lored, and may be readily discerned; in other 
words, that evidaice may have its just and appropriate 
influence. 

Evidence is of various kinds. The Evidence of SensCf 
tinder certain corrections and limitations, is calculated to 
produce a high degree of conviction. Indeed as iGir as 
relates to the sensations^ simply considered, the evidence is 
complete : it is only our associations with them that are 
attended with uncertainty. The senses, if in a sound state^ 
convey precisely the same information in all cases where 
the external causes of impressions are the same ; the ac- 
curacy of our perceptions and inferences from them, is all 
that is attended with difficulty. See p. 272 — 275. 

The Evidence of Consciousness is attended with similar, 
but greater difficulties. Where it is completely ascer- 
tained, it is decisive; but those who have not been ac- 
customed to attend to their own mental states, feelings, 
and operations, often are mistaken in their notions re- 
specting the evidence of consciousness. In innumerable 
instances, however, and those of the chief practical im- 
portance, it is abundandy dear, and is tiien fitted to pro- 
duce the highest degi-ee of conviction. 

When the truth of a proposition is so obviously and 
readily discerned, that no person, who understands the 
terms, can hesitate in admitting it, it is said to be in- 
tuitively true. This is die Evidence of Iniuilion. To call 
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a proposition intuitiyely truei when only the cdtivated 
understanding can reodve it, woold be a misapplicatkni of 
terms ; on the other hand, it is trifling to require proof of 
those which to plain sense are intuitive. — The term in- 
tuitively true is obviously indefinite. A propositicm may 
aj^pear so to one and not to another; and to the same 
person in difierent states of mind, a position may require 
proo^ or be intuitively evident. But there ai^ in eveiy 
branch of knowledge, some truths which, when understood, 
the sound understanding cannot reject ; and those may be 
lidd down as fundamental maxims. We may go further, 
and maintain, that there are some truths, for which no 
media of proof could be found so dear as they are in them* 
selves, and which the very constitution of the mind leads 
us to admit That it is our duty to obey God, is one 
of these. 

Propositions which are intuitively evident, and made the 
foundation of other truths, are called Axioau : bat the term 
is sometimes extended to those fundamental priocipJes 
upon which a science depends, even if they require proof, 
or are derived from a very extensive round of experience 
and observation. 

ExperUnce is often a valuable source of evidence for the 
truth of propositionsu It has a particular reference to that 
practical instrucdon and skill in judging, which is derived 
from the events of life. And where the judgment is good, 
and the observadon has been judicious and extensive, the 
experience of others and your own is a good evidence for 
truths which lie within its reach. The dictates of expe- 
rience should not be regarded as destitute of weight, be- 
cause the grounds of it cannot be shown, or because those 
which are produced may appear inadequate. If a man of 
observation, good sense, and proper opportunities for ac- 
quiring experience, gives a decision founded up<m it, it is 
worth more probably than his reasons for that decision. 
His reasons will only express a part ; his experience is the 
general result. — These remarks particularly and cUefly 
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apply to that experience which respects the giaxims of 
prudence for the conduct of life. 

The Eoidence of Reasoning is that which arises from the 
operations by which some truths are inferred from others. 
Those inferences are termed conclu$ian$. If the premises 
from which they are derived are established truthst ^d the 
conclusions justly drawn, the evidence is com^dete. When 
the premises are intuitively true, being of that class called 
axioms, or derived by obvious and just inference from 
definitions, or if they have been jMreviously proved, and 
the conclusion is drawn with intuitive correctness from 
those premises^ the train of reasoning is called a de^ 
tnons^raiion. 

Testimony is a most important source of evidence. It is 
the only means by which we learn the existence of things^ 
persons, or fects, which do not come under the notice of 
our own observation, and of which we have no direct proof. 
The rational influence of the evidence afforded by it, de- 
pends partly upon the nature of the feet, and partly upon 
the nature of the testimony. For some fects, a slight degree 
of evidence is adequate in proof; for others we require 
what is extremely strong. And the evidence of testimony 
may be so strong, that the supposition of its falseness would 
be more incredible than any position, not clearly felse or 
impossible, which it may be adduced to prove. The sup- 
position that Chrbtianity is felse, e. g., involves a miracu- 
lous interference of divine power, of a nature infinitely less 
credible than the reality of those miracles on which it rests 
for its divine authority. 

The two essential Conditions for the truth of testimony 
are, (1) That the witnesses be competent, have had ade- 
quate abilities and opportunities for obtaining accurate in- 
formation : and (2) That they have no intention to deceive 
others. If we can show that in any case they could not be 
deceived, and that not only they had no motive to deceive 
others, but that every motive which could operate, was 
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against their persisting in their testimony, w« ha^e every 
condition which is requisite for a rational assent to it. * 

Where, by any medium of prooi^ we can estaUi^ the 
Divine Authority of any proposition, or in otber words, 
prove it to be a declaration of revelation, eur coavictioa of 
its tFutU must be of the bluest possible kind... 

SvllogiSms .and Sophisms. 

Whenever one truth is inferred from another^ or a rea- 
son assigned for what we assert, there is an aet of reason- 
faig. Logicians however employ the term Reasoningy to 
denote those processes of the mind by which the agree- 
ment or difierence between two ideas is ascertained, by the 
comparison of them with the third ; and the series of pro- 
positions in which this process is stated, is called a SyUo^ 
gismy thu3 : 

A, Every virtue is deserving of approbation r 
A. Prudence is a virtue ; 

A. Therefore prudence i^ deserving of approbation. 
The syllogism consists then of three propositions : that 
containing the inference is called the conclusion i die other 
two are the premises. 

The subject and predicate of the condusnm are called 
the extremes s that with which they are compared. Is odled 
the middle term^ or argument. Of the exti*emes, the predi- 
cate, (as being always taken in its full extent or compre- 
hension,) is called the mcyor^ and the subject the minar 
term. And of the premises, that proposition in which the 
major is compared with the middle term, is called the mt^ 
propositiony the other the minor proposition^ or assmi^hn. 
Thus, in the preceding syWogLsmy prudence, deserving ofap^ 
probationy and virtue^ are the three terms of the syUogism. 

* The subject of evidence, and especially of that of testimony, is of 
the greatest importance; but we can do no more than give our readers 
such hints as may serve them for a basis ; and in our conclusion, they 
will find references to valuable works, from which they may derive 
almost all the information tliey may require. 
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Prudenccy and deserving of approbation^ ate the extremes : 
prudence^ the minor; deserving t^ approbation^ the major. 
Virtue is the middle term. The first proposition is the 
majoTy or the proposition ; the second tke minor ^ or the as- 
sumption. Both are premises. The third is the conclusion. 
— This is the order in all r^ularly constructed syllogisms. 

The syllogistic form of reasoning is not without its utility. 
It assists to give order and precision to an argument; to 
direct the attention of the mind to that position on which 
the proof depends ; and to make the proof more close and 
intelli^ble : and by resolving ah argument into the syllo- 
gistic form, we are sometimes better able to see its truth, 
or to detect the sources of error. Where the mind is ha^ 
bituated to the rules of the syllogistic ^stem, it is likely to 
obtain, from the various exercises to which they lead, great 
skill and readiness in discovering and rectifying, or combat- 
ing the fidse reasonings of an opponent, and in inventing 
modes of argumentation by which just conclusions may be 
furnished* The syllogistic system of reasoning may be 
wisely and well employed for such purposes ; or it may be 
used by selfishness and injustice, to baffle the plajp under- 
standing and to lead away the judgment from that which 
should be the sole object in all reasoning, the ascertain- 
ment of truth. 

In thos'e sciences, in which, from the power of precise 
definition, and the nature of the objects defined, truths 
may be strictly demonstrated, the train of reasoning often 
leads to the' employment of the syllogistic form; and it 
may sometimes be useful in others. But the nice gra- 
dations of thought, and the innumerable departures firom 
strict accuracy of language, which the nature of language 
itself almost necessarily produces, are, among other causes, 
sufficient to render it very undesirable that the syllogistic 
form should be adopted, in the more usual departments of 
knowledge. Sound argument may be carried on, and full 
and just satisfaction given to the mind, without the use ol 
it ; and it would extremely check and embarrass the opera^- 
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dons of intellect, by the necessity of attending to form, 
when the substance was perfectly clear. 

As to the disccfvery of truth, the syllct^m can be of no 
direct service ; for the major must necessarily contain the 
conclusion, if both are true. It answers the purpose of 
setting the mind to work, in order to obtain proper media 
of proof; but this end must be obtained by every weU-ccm- 
ducted process of reasoning. 

The advantages to be derived from the syllogistic system, 
are generally to be obtained, with greater c^tainty, from 
the study of mathematics ; and at the same time real know- 
ledge will thus be obtained. Nevertheless, the m^ital cul- 
ture afforded by the former, where it is not carried Id 
excess, or allowed to rest in words, ought not to be d^ 
spised. 

Without in any way recommending our readais to enter 
deeply into the study of the laws of syllogism, or to fetter 
themselves by minute attention to them, we regard them as 
deserving the examination of those, whose time will allow 
of such pursuits ; and shall mention the sources of mform- 
ation hen^after. But as many, we doubt not, will be fiiUy 
satisfied with what they will find here, we shall give them 
a little idea of the Moods and Figures of syllogism* 

The Figure of a syllogism respects the position ^ the 
middle term in the premises : Mood^ the quantity and quality 
of the premises and conclusion. 

The reader will recollect the import of the four letter^ 
A, £, I, o. (See p. 459.) Now all the possible ccHubinations 
of four things by three, amount to sixty-four. There may 
therefore be sixty-four Moods, that is, sixty-four combin- 
ations of propositicms, in which there shall be some van- 
ation in the quantity or quality of the three propositions^ 
or in the order of them. But of these combinations, fifty- 
three are excluded, by certain rules which the logician lays 
down ; and indeed they are obviously excluded by common 
sense, as the reader will at once perceive, by forming syl- 
logisms with propositions denoted by aae, iia, &c. 
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One of the eleven remaining Moods is superseded by 
another, reducing the number to ten ; and of these, some 
only are applicable in one Figure, some in another. 

There are four Figures. (1.) When the middle term is 
the subject of the major, and the predicate of the minor. 
(2.) When it is the predicate of both. (3.) When it is the 
subject of both. (4<.) When it is the predicate of the major 
and the subject of the minor. 

In the first figure there are only four admissible com- 
binations of propositions, or Moods, viz. those denoted by 
AAA, EAE, All, Eio : and to denote them, words are se- 
lected containing those vowels, and arranged in the fol- 
lowing line : 

Barbara, Celarent, Darii, Ferio quoque prime. 

There are similar lines for the other Figures * ; but as 
the fourth is useless, being little better than an awkward 
transposition of the first, and as the second and third may 
be converted into the first Figure, this alofte is regarded as 
of much consequence. Besides, as will be seen from the 
last vowels of the Moods, this Figure admits of conclusions 
of every variation in quantity and quality; whereas the 
second admits only of negative, and the third only of par- 
ticular conclusions. 

The syllogism in p. 444. is in the Mood Barbara^ eyery 
proposition being a universal afiirmative : the following is 
in Ferio. 

E. Nothing which is forbidden by wisdom, can be truly 
desirable. 

I. Some pleasures are forbidden by wisdom. 

o. Therefore there are some pleasures which are not 
txuly desirable. 

The reader will not find it a useless exercbe to form 

• Cetare^ Crnnegtres^ FeUmoy Baroco tecundie. 
Tertia DttrapH sibi Tindicat, atque Felapton 
Adjimgens Ditamu, DaMy Bocardoy Feriton. 
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syllogisms in the difFerent Figures, but in this he will re- 
quire no further direction. 

Simple or Categorical syllogisms are those which are 
made up of three plain, simple^ or cat^orical propositions, 
in which the middle term is evidently and completely con- 
nected with each extreme: but there are various other 
forms of syllogistic reasoning, of which the following should 
be noticed. 

When the middle term is not completely and distinctly 
joined with each extreme, the syllogism is called complex. 
The student will probably find various instances among 
the syllogisms which he constructs by way of exercise; for 
though complex syllogisms are awkward to bring under 
the syllogistic rules, they are often perfectly plain and 
forcible in their conclusion. He may even find it difficult 
to perceive any thing wrong in the following complex 
syllogism: The Sun is a senseless being: the Persians 
worshipped the Sun ; therefore the Persians worshipped a 
senseless being. To make this syllogism r^ular, however, 
the minor and conclusion must stand thus; What the Per- 
sians worshipped is the sun ; therefore what the Persians 
worshipped is a senseless being. 

Epichirema is a compound syllogism, which contains the 
proof of the major or minor, or both, before it draws the 
conclusion. 

A Dilemma is an argument which, presuming that one 
of two suppositions must be true, proves that one of them 
is felse, and concludes that the otlier therefore must be 
true. If it do not include all the suppositions which may 
be true, the conclusion is unsound. — If three suppositions 
are made, the argument is sometimes called a TrUenma. 

Sorites is an argument consisting of a series of proposi- 
tions, in which die predicate of the first becomes the 
subject of the secoud, and so on, till, in the conclusion, the 
subject of the first is joined with the predicate of the last : 
thus, AH who love wisdom^ will earnestly desire it ; All who 
earnestly desire it, will use the necessary means to attain 
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it; AH who use the means of attaining it, will encounter 
many difficulties ; All who encounter difficulties, musi exer^ 
ctse patience^ perseverance and self-denial : Therefore all 
who Uwe wisdom^ must exercise patience^ perseverance and 
self-denial. 

Entkymeme is an ' argument, in which the conclusion is 
drawn at once from one of the premises, without any formal 
syllogism ; as, AU sciences are useful ; Therefore the mathe^ 
matics are usefd. This is the most common, and in gene- 
ral the best form of reasoning : it is obviously included in 
many of those which are called catisal propositions ; such as. 
Some words should not be uscd^ because they are offensive to 
delicacy. 

Some arguments are direct, immediately proving the 
proposition in question : some are indirect, proving tlie 
conclusion, by proving or disproving some proposition on 
which it depends. Of indirect arguments there are three 
cases: Reductio ad absurdum proves the conclusion, by 
demonstrating the absurdity of the contradictory propo- 
sition : Argumentum d fortiori, by proving a less probable 
supposition upon which it depends : Argumentum ex don- 
cesso, by proving a proposition on which it was agreed to 
rest the original question — Various other arguments have 
been distinguished by Latin names ; but these readily sug- 
gest the distinctions ; and it is unnecessary to notice more 
than the Argumentum ad hominem, which is founded on the 
opponent's professed principles, whether true or false. 

When an argument in the syll(^istic form, offends 
against the rules of syllogism, it is termed a Paralogism , 
when an argument, however arranged, carries the appear- 
ance of truth with it, and yet is erroneous, it is termed a 
Sophism. 

Of Sophisms various kinds are enumerated by Logicians: 
the principal are the following. Ignoratio Elenchi or a 
Mistake of the Question ; when something is proved which 
has no necessary connacion or inconsistency with the point 
really under discussion ; and consequently affords no real 
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ground for determination respecting it. Petitio Princtpii\ 
or Begging the Question ; where the very thing to be 
proved, is taken fur granted. Arguing in a Circle^ when 
the premises are proved by the conclusion, and the con- 
clusion by the premises. Non causa pro causa^ the Assig- 
nation of a false cause ; as when Christianity is cfaaiged 
with being the cause of persecution. There are few more 
extensive sources of error, than the mistake between the 
post hoc and the propter hoc. FaUacia Acctdentis ; arguing 
from what is accidental to what is essentiaL A dicto se- 
cundum quidf ad dictum simpliciter ; when we argue from 
that which is true in particular circumstances, to prove 
that the same thing is true absolutely, and in all circum- 
stances. Sophisms of Equivocation ; when the aigument 
depends upon the ambiguity of the terms. 

The grand principles by which we are to try every argu- 
ment, whetlier directly syllogistic or otherwise, are, that 
tlie terms employed in it, be used in precisely the same 
sense throughout; that the premises be themselves Just - 
and that they afford a full justification of the conclusioi). 
And in applying these, sound sense and the habit of dis- 
crimination are our best guides. 

Observations respecting the Pursuit of Truth. 

There two leading methods of investigating truth. In 
one case we begin with the various phenomena, or objects 
of thought, as they are; and gradually proceed to first 
principles, or elementary truths: this is the Atudytical 
Method. — In the other we begin with simple principles, 
and gradually advance to the more complex forms of the 
subject under consideration : this is the Synthetic Method. 
— It may illustrate this, if we suppose a person, when 
communicating chemical knowledge, to begin with some 
compound substance, {water for instance,) and shew into 
what elementary substances it may be analyzed, or separ- 
ated : he is there pursuing the method of Analysis. If he 
then proceed to shew the various combinations of the 
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elementary substances, and explain the laws and properties 
of each, be is adopting that of Sjmthesis. * 

In geometry these terms are employed with some diver- 
sity of acceptation. If the proposition to be demonstrated 
is supposed to be true, and consequences are deduced from 
it^ and others from these, till at last we readi a position 
which can be ascertained to be true or fidse by comparison 
with one which is known to be true, the truth or &lsehood 
of the original proposition is said to be established byaTto- 
fysis: t if it be done by a series of direct inferences from 
established truths, then the method is called si/nthesis. 

The analytical method of investigation is that which is 
now pursued in every department of science: and the suc- 
cess of it depends upon a compre}iensive and accurate in- 
duction of particulars. 

The object of philosophy is to observe and examine phe« 
nomena, and from the examination of them under various 
circumstances, to derive those general laws or principles, 
agreeably to which they take place : and next to apply these 
laws to the explanation of other phenomena* The former 
process is Generalization, If it be founded on an accurate 
examination of a sufficient number of particulars, under a 
sufficient variety of circumstances, — in other words, on a 
correct and adequate Induction^ — and the conclusion is 
borne out by its consistency with all known phenomena, 
and by its affi>rding a satisfactory explanation of such as 
correspond to those from which it was derived, this con- 
clusion is to be regarded as an established principle, or 
general law. — In the investigation of less extensive prin- 
ciples, the same process is pursued ; though of course with 
less difficulty, and greater probability of success : and 
with the necessary variations arising from difference in the 

* Reasoning a priori is arguing from first principles, or from causes 
to effects ; reasoning d posteriori is from the effect to the cause : the 
latter corresponds with analysis; tha former with synthesis. 

f It is apparently on the same principle, that algebraic investigations 
are called analytical. DtUa are laid down as true, and the queesUa de« 
duced from them. 
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nature of the particulars, the same method is to be pur^ 
sued wherever general conclusions are to be derived fi^m 
particular facts. 

There are numerous cases, however, in whieh experi- 
ment and induction cannot be employed. Here ana- 
logical reas(ming is often advantageous. By Analogy^ 
the similarity of causes or general principles is inferred 
from the resemblance or correspondence of circumistanoes. 
Important truths have often be^i obtiuned by this means ; 
and conjectures founded on a good analogy, have after- 
wards been estaUbhed by direct proof. It is found pecu- 
liarly applicable to the obviation of objections against truths 
already ascertained. Bishop Butler, in his Analogy, has 
employed it, with complete success, for the vindication of 
religion, natural and revealed, by shewing that the objec- 
tions urged against it^ lie with equal force against the 
course of nature ; and, therefor^ if we admit that the latter 
has God for its author, these objections have no.weigfat 
against the former. 

in the pursuit of scientific truth, the two great errors 
are, on the one hand, resting with a crude mass of facts, 
or phenomena, without classification, discrimination, or 
generalization; and, on the other, generalizing too soon 
and too rapidly. If the mind is in the sluggish state, 
which the former supposes, it will not be likely to observe 
phenomena so as to discern the essential characteristics or 
circumstances of them ; and the application of the fiicts 
observed, will often be founded on those circumstances or 
qualities which are in reality of no moment. If we gene- 
ralize too rapidly, our inferences fi*om our general princi- 
ples will often be alike fallacious, though fix>m a different 
cause. — Similar remarks may, in botii cases, be made, 
respecting experience^ connected with the conduct of life. 

The following are stated by Mr. Stewart, (Elements, 
vol. ii. p. 21 ^.)i as among the most powerful causes of erro- 
neous conclusions in scientific researches. " ( 1 .) The imper- 
fection of language, both as an instrument of tiiought, and 
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as a medium of philosophical communication. (2.) The 
difficulty, in many of our most important inquiries, of as- 
certaining the facts on which our reasonings are to proceed. 
(3.) The fjartial and narrow views, which, for want of 
information, or from some defect in our intellectual compre- 
hension, we are apt to take of subjects, which are peculiarly 
complicated in their details, or which are connected, by 
numerous relations, with other questions equally proble- 
matical. (4*.) And lastly, (what is of all, pei^haps, the most 
copious source of speculative error) the prejudices which 
authority and fashion, fortified by early impressions and 
associations, create to warp oar opinions." All these 
causes operate also in the pursuit of moral and religious 
truth ; and to them must be added, (5.) The influence of 
that numerous and extensive class of prejudices, which arise 
fpom the dispositions arid affections, particularly where our 
selfish principles, in their various ramifications, are directly, 
or indirectly concerned. 

Pre^supposing a sincere love of truth, good sense, the 
habit of correct observation, ctnd a discriminating judg- 
ment, the qualities and circumstances most necessary for 
the successful pursuit of important truth, appear to be the 
following. (1.) Accurate attention to the import of words. 
(2.) Careful consideration o{ all the circumstances on which 
a decision is to be founded. (3.) A cautious selection of 
those points on which the proof really rests. (4.) The re- 
jection of all considerations which have nothing to do with 
the question. (5.) Activity and perseverance in the inves- 
tigations required by the object. (6.) Coolness and p*- 
tience, to prevent precipitancy in drawing conclusions. 
(7.) Independence of mind, in opposition to authority; and 
fortitude, in opposition to inconvenience or injury resulting 
from truth. (8.) Humility, in estimating our own powers 
and success. (9.) Candour, in allowing just weight to the 
arguments of oppcments, and in discerning truth in the 
midst of error/ (10.) A disposition to be decided by the 
weight, not by the number of arguments or evidence. 
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(11.) To reject no principle merely because it is new, or 
inconsistent with our former opinions ; yet (12.) To rqeci 
no opinion because it has been generally adopted. (13.) 
To adhere to first principles, where really sanctioned by 
judicious and extensive experience, by the laws c^the mind 
and by the course of providence. 

In short, a sincere and ardent love of truth, firmness 
activity, and caution in the pursuit of it, and a dear, manly, 
indei>endent, discriminating understandings can scarcely 
fail, when under the control of sound and comprehensive 
moral principle, to lead to such enlarging and beneficial 
results, as will amply repay all the exertions and sell-denial, 
by which they have been attained. 

Advice to the Student* 

If the nature of this work, and other circumstances had 
permitted, it would have afibrded us great pleasure to assist 
in supplying a deficiency which must have been felt by 
many, — that of a brief but comprehensive treatise on the 
conduct of the understanding, in which the various impor- 
tant directions which have been given by difierent writers 
since the time of Locke, should be brought into one point 
of view, and their influence shewn on the pursuit of know- 
ledge and the conduct of life. The few hints already^ 
given, may be of service to the intelligent reader ; and 
from the following course of study he may derive extensive 
and valuable information, from which -he may, for himself 
form a practical summary of the kind alluded to. Indeed, 
we strongly recommend him to reduce to a simple didactic 
form, and properly to arrange, all the maxims he may 
meet Mrith in the writings of others, or which his own expe- 
rience may suggest. * The exercise itself will be of great 
advantage ; and in the pursuit of knowledge he will find, 

• The Aphoritms of judicious and intelligent men, are often of great 
value. Among the many excellent maxims of Whichc^ie, some wiU' be 
found bearing on our present subject. 
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that ivhere those maxims are well founded, they will pre- 
serve him from many errors, and accelerate his progress. 

If he wish to make himself master of the syllogistic sys- \ 
tern of reasoning, he may be referred to the Port Royal / 
Logic, and to tliat entitled Art of Thinking. In Watts's \ 
Logic, however, he will probably find enough to satisfy his ( 
mind ; especially if he add the information which he may / 
derive from Belsham's elements. • In a less technical ) 
form he may see the essential principles of syllogistic rea- | 
soning in Kirwan's Logic, vol. ii. ; and many useful hints ( 
may be derived from Collard's Essentials of Logic. This / 
last work, however, has not the merit of clear and distinct 
arrangement ; and though it contains, with great difFuse- 
ness, what the author regards as the essential principles of 
the syllogism, yet it does not at all enter into the much 
more important departments of Logic which respect evi- 
dence, words, and the proper conduct of the understanding. 

A work of very superior merit is Duncan's Elements of 
Logic : but it is diffiise ; and, as far as mental philosophy 
is concerned, it is sometimes erroneous, and often far from 
precise. Still it well deserves the perusal of the student 

As to the real value of the syllogistic system, he should ; 
consult Kirwan, who defends it gainst Locke. Our great / 
philosopher was probably led to carry his objections too i 
far, from the use then made of that branch of Logic ; and y 
Mr. Stewart appears to have fallen somewhat into the same / 
error, though from a different cause ; but his appreciation ( 
of it is, on the whole^ as just, as his examination of it is / 
interesting. In addition to these works, the student should ( 
peruse Dr. Reid's account of Aristotle's Logic, in Lord \ 
Kaimes's Sketches, vol. iii.; and he will then have gone ' 
through a pretty complete course respecting the syllogistic . 
system. 

On tlie subject of Moral Evidence, we recommend to the N 

• To this work, and more particularly to Watts's Logic, we have in 
various parts been indebted. 
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/ reader a little volume of great value, entitled Crambier's 
Introduction to the study of moral evidence. In Kirwan's 
Logic he will find many just and important observations, 
relative to the evidence of testimony. 

On the general direction of the understanding in the 
pursuit of truth, the student will find his account in a dose 
perusal of Locke's Conduct of the Understandbg; and in 
Watts's Logic, and his Essay on the Improvement of the 
I^Mind, he will see numerous practical hints of great value. 
Of the former treatise, Part II. cb.iii., on Prejudices, and 
Part III. ch. iii. on Sophisms, are particularly valuable. 
After reading these works, and the parts of Mr. Locke's 
Essay which bear directly on the subject, be will proceed 
with advantage, to the important and elegant investigatious 
of Mr. Stewart, in the second volume of his Elements. 

To those who have not time or inclination to follow this 
course^ we would recommend a thoughtful perusal of Locke 
on the Conduct of the Understandiiig^ Watts's Logic, 
(especially the parts above specified,) and Gambler's Moral 
Evidence, as forming together a very useful and generally 
valuable directory of the understanding. 

The study of authors who refison closely, and with force 
and precision, may be regarded as a practical means of 
learning Logic. The geometrical branches of the mathe- 
matics are of great benefit in this respect ; but the perusal 
of them should be accompanied with the study of moral 
evidence. 

To those who may rate too highlyNhe advantage of argu- 
mentative skill, we recommend the following observations 
of Mr. Stewart (p. 28S.) with which we wUl conclude. " I 
have long been accustomed to consider that promptness of 
reply and dogmatism of decision, which mark the eager and 
practised disputant, as almost infallible symptoms of a limit- 
ed capacity ; a capacity deficient in what Locke has called 
(in very significant, though somewhat homely terms) largCj 
soundy round-about sense. In all the higher endowments of 
the understanding, this intellectual quality (to which nature 
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AS well as education must liberally contribute,) may be 
justly r^arded as an essential ingredient It is diis which, 
when cultivated by study, and directed to great objects or 
pursuit, produces an unprejudiced, comprehensive, ant} 
4efficient mind." 
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POLITICAL ECONOMY. 

History of Political Economy : — Objects of — Writers in, how classed 
— Nature and EffecU of Wealth — Definitions of Wealth — The 
Passion for Wealth is Universal — - Various Systems concermng the 
Sources of Wealth. 

X OLITICAL Economy is a science peculiarly entitled to the 
attention of persons possessing the advantages of a liberal 
education, being that which relates chiefly to the production, 
augmentation, and distribution of the finances of a state. 
The acquisition of wealth has at all times been an object 
of interest to mankind. Yet it was not for a long time 
reduced to a political science, but was left to the exertions 
and practical observation of men engaged in the difierent 
branches of industry. Among the ancient writers there is 
scarcely any thing to be found that even bears upon tlie 
subject of the ** Wealth of Nations." Among them. Agri- 
culture was much more respected and attended to than 
either trade or manufactures, the latter l>ein^ indeed, almost 
entirely abandoned to slaves. During the middle ages, the 
feudal system was hostile to a regular system of improve- 
ment in agriculture, and absolutely precluded any important 
progress in manu&ctures and commerce. These todk 
refuge in the large and flourishing towns, whose fortifica- 
tions could secure the inhabitants £ix)m lawless inroads, and 
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where a r^ular police could, in a good measure, secure 
the persons and property of individuals. The gradual 
growth of these towns led to. the civilization of modem 
Europe. Articles of beautiful workmanship which were 
produced, and the various means which ingenuity dbcover- 
ed for multiplying the accommodations of life, in time, 
brought about a complete change in the habits of the 
landed proprietors. Till now, power, not wealth, had 
been their chief object ; and to promote this, they spent 
almost all their revenues in maintaining a crowd of idle 
retainers. But when, by improvement in the arts they had 
acquired a taste for luxury, the gratification of which 
required an augmentation of wealth, their object came to 
be^ how they could turn their estates to the most advan- 
tage, which led to a better system of agriculture. The 
same tastes drew them to large towns ; this led to extrava- 
gant habits, which frequently brought their estates to mar- 
ket, and placed them in the hands of those who were engaged 
in commerce and manufactures. Hence it has been in< 
ferred, ihat the improvement of modern Europe began with 
the manufacturing and commercial classes, and was by 
them carried to the agricultural part of the community. 
It was on this account that commerce and manufactures 
were long looked upon as the grand source of wealth, and 
the objects claiming the peculiar favour of the legislature. 
Fi*om this circumstance arose the mercantile system, which 
was so long predominant in Europe ; and which has been 
ably illustrated in the writings of many of our countrymen, 
such as Davenant, Petty, and Child. 

This system had a powerful influence on the legislation 
of different countries. In France, more than in any other 
nation, it reigned with absolute sway. Colbert, the prime 
minister under Lewis XIV. in his zeal for the promotion 
of trade and manufactures, not only neglected, but even 
depressed agriculture, by laying restraints on the exports 
ation of com. This led many thinking men to attend to 
the consequences to which such a system seemed to tend, 
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and in their view, agriculture was the only source of weaidi. 
This opinion was first publicly avowed by M. Quesnai, a 
physician in Paris, ^^ho was looked up to as a leader of a 
new theory, by many, vrbo espoused his doctrine with all 
the enthusiasm of devotees to a sect. They assumed the 
name of ** Economists." M. Turgor, in the reign of 
Lewis XVI., in the reforms which he undertook during 
his short administration, was chiefly guided by the prills- 
ciples of the Economists. ' 

Dr. Adam Smith, about the middle of the last century, 
as one of the professors at the University of Glasgow, began 
to illustrate and explain the principles of political economy. 
After a few years he travelled into France, and became in- 
timately acquainted with the leading members of the Eco- 
nomical school. On his return, he spent nine or ten yeai-s 
in preparing bis great work, entitled ** An Inquiry into the 
Nature and Causes of the Wealth of Nations," in which 
he has shewn the errors of the mercantile system; and 
pointed out in a masterly manner many defects of the op- 
posite, or economical theory. This great work was first 
published in 1776, and for many years it was referred to 
by politicians and statesmen of the highest rank, as con- 
taining the most salutary and undeniable principles, which, 
if adopted in practice, would infidlibly lead to public and 
national prosperity. 

According to Dr. Smith, by whom we shall be chiefly 
guided in this and the following chapters. Political Eco- 
nomy is the science in which the Wealth of Nations is con- 
sidered. Its object is to ascertain, in the first place, in 
what wealth consists, and then to explain the causes of its 
production, its increase and diminution, and the principles 
on which it is distributed through the difierent orders of 
society. It likewise, in practice, endeavours to point out 
the tendency which any political r^ulations may have to 
augment or diminish wealth. 

The writers on political economy, as we have seen, have 
been usually arranged in two great classes ; tlie former com-« 
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posed of those who r^ard commerce^ and the latter of those 
who consider agricuUnre as the principal source of national 
wealth. The commercial system of political econon^y is 
very ably explained and illustrated by Dr. Smith in the 
"Wealth of Nations." 

A striking and very important difference between the 
systems of political economy, as detailed a century ago, and 
that introduced by Adam Smith, consists in this : that the 
former are calling upon all occasions, for the regulation 
and control of laws ; regarding the l^islature as best quali- 
fied to estimate the value of any particular branches of 
trader or modes of conducting business ; while by the latter 
the merchant is supposed to be the best judge of the most 
eligible method of conducting his own afiairs. The former 
has been rightly denominated a system of restrictions and 
encouragements, in which little is left to the choice and 
sagacity of individuals ; in the latter it is supposed that 
national wealth, which is the aggregate of individual wealth, 
will increase most rapidly, where, while private property is 
rendered sacred by the laws, talent and enterprise are under 
the least possible restraint. Having spoken thus generally 
on the subject, we shall advance to particular details, be- 
ginning with an inquiry into 

The Nature and Effects of Wealth. — Whatever be the 
nature of wealth, it cannot be denied, that it is the ob- 
ject of the ambition of individuals and nations, the cause of 
their quarrels and contentions, |and not unfrequently the 
reward of violence, of fraud, and injustice. 

Some writers, as Sir William Petty, state the wealth of 
a nation to consist in the totality of the private property of 
its individuals ; others in the abundance of its commodities. 
Some distinguishing public from private wealth, assign to 
the former a value in use, but no value in exchange, and to 
the latter an exchangeable value, but no value in use ; and 
these make public wealth to consist in the exchangeable 
value of the net produce. Others say, that wealth consists 
of all the material commodities which man may use to 
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supply a want, or to procure an enjojment either to his 
seMBuality, his fitncy, or his vanity. One defines wealth to 
be whatever is superfluous. M. Canard, a modem French 
writer, in his ^* Principes d'Ecooomie Polittque," calls 
wealth the accumulation of superfluous labour. To com- 
mon apprehensions, wealth in the simplest and most 
general aco^tation of the term, consists in the suiplus of 
produce above consumption, or of income above exp^i- 
diture. The extent both of public and private weahh de- 
pends, it should seem, on the accumnlatioa of this sorplos, 
and on the manner in which it is managed and applied. 
When individuals and nations have not enough to supply 
their wants, they are poor : when their means are exactly 
adequate to all their wants, their are equally removed from 
poverty and wealth ; and when they have a surplus I^ 
after supplying all their wants, this surplus constitutes 
wealth. 

The passion for wealth is universal, and the history of 
man and civil society shews that it is always active and en- 
tekprising. It is the spring of almost all our actions. It 
has been the principal promoter of the intellectual fiobculties, 
of liberal and mechanical talents, of ingenious and active 
industry. It has afforded mankind ample means and vast 
resources ; secured them against want, procured them con- 
veniences, comforts, and enjoyments the most exquisite; 
and extended, as it were, the dominion which nature des- 
tined for man, so that the distance which separates man- 
kind from the animal creation, might be measured by the 
distance of the most refined enjoyments from the ordinary 
wants, or, in other words, by the distance of wealth from 
poverty. 

This passion for wealth, which nature designed for die 
most useful and beneficial purposes, has also been a con- 
stant source of disorder, violence, and calamities, among 
individuals and nations. Ancient history, and the records 
of the middle ages, continually exhibit the passion for 
wealth, as an obstacle to the safety, the liberty, and happi- 
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ness of individuals : to the independence and prosperity of 
nations, and to the increase and welfiire of mankind. It 
was ever arming men against men, cities against icities, and 
people against people. 

Modem nations are not less addicted to the passion of 
wealth, tbim the nations of antiquity, and of the middle 
ages ; but they have been more enlightened or more for- 
tunate in the direction which they have given to that pa^ 
sion ; and wealth, it has been assumed, has been in these 
days as productive of public and private prosperity, as it 
had been before of general and individual distress. Pro- 
duced by labour^ it has rendered men attentive to the 
means of augm^ating the productiveness of labour. They 
soon perceived that the free labourer who works for profit» 
multiplies the produce be consumes during labour; while 
the slave or bondman scarcely replaces what he ccmsumes. 
Wealth, produced by labour, maintains in nine-tenths of 
the peqole^ the strength, energy, and dexterity, with which 
man is endowed by nature; and it developes in the re- 
maining tenth, those fiu^ulties of the mind which seem 
beyond the sphere of humanity, and which bring man, as it 
were, nearer to the divine nature. Produced by labour, 
wealth banishes idleness, and the vices unavoidably con- 
nected with idleness; it renders man laborious, patient, 
economical, and at the same time adorns him with those 
precious qualities, the sources of individual, domestic, and 
social^ virtues. It binds the natives of the same land by the 
most powerful ties, mutual wants and reciprocal services* 
It has rendered nations more powerful, because every indi- 
vidual member is interested in the success of national 
affairs ; all bear their weight, and all shar^ in the advan- 
tages which they procure. This community of good and 
evil, to which the circulation of wealth calls every indivi- 
dual of the nation, affords the greatest strength .which the 
social compact possibly can or ever did produce. This 
stimulus is active among industrious and commercial na- 
tions, and*its strength and intensity can never be impaired 
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or lost. Whatever may be the stock of rictes accamulated 
througli labour, it impoverishes no one ; on the contisry 
it enriches every individual: it is the instrument ofgene- 
ral wealth; it increases the mass of labour, and the sum of 
its produce; and, consequendy, augmente the resources of 
of tfie laborious, and the treasures of the rich. The dfects 
of wealth produced by labour are felt alike by the nations 
that compose the great &mily of mankind, and by the indivi- 
duals who compose each national bmily. In this system, 
it4s the interest of all to labour, the one for the other, and 
to increase the stock of general wealth. The labour, in- 
dustry, and commerce of every individual is useful to all, 
whatever portion of the globe they may inhabit. The 
more extensive agriculture of one country is beneficial to all 
laborious, manu&cturing, and trading nations ; it increases 
the produce destined for general consumption, which in its 
turn augments population ; and this augmented population 
affords new consumers of the productions of the industrjr 
of every nation. Thus all nations share in the prosperity of 
each, and the portion of each is proportioned to its 
labours, manufactories, and commerce. 

Of the various Systems concerning the Sources^ Wealik. 
— The most ancient system concerning the sources of 
wealth, derives wealth from foreign commerce; that is,' 
from that commerce in which one nation sells more toother 
nations than it purchases, and is paid for the surplus of its 
sales over its purchases in precious metals. Almost all 
consider .commerce as the true way to grow rich, and by 
commerce they understand the exchange of commodities 
with foreign nations. In proof of which, it is said, 'with 
reference to Phoenicia, Alexandria, Carthage, Rome» &c, 
that if we ascend ever so high in history, we find.that wealth 
always followed the direction of foreign commerce, and re- 
mained fidthfiil to its banners and ships. The question is. 
How does commerce enrich a country? By what channels 
does it pour its benefits ? And how is the productiveness 
of commerce to be increased, and its prosperity* insured f 
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Most writers suppose that forei^ commerce enriches a 
countiy by the plenty of gold and siltrer which it causes to 
circulate, and hence governments endeavour to retain the 
precious metals; or to invito them, either by encouraging na- 
tional manufactures, or by directly or indirecdy prc^ibiting 
the produce of foreign industry, or by procuring to the pro- 
duce of national industry an easy and even privileged in- 
troduction into forei^ countries. Such is the system which 
places the source of wealth in foreign commerce, and whicli^ 
on that account, has been called the mercantile system. 

The mercantile system was very general till M. Quesnai 
acquired great celebrity by the new views of his *' Theory 
of the Sources of Wealth." He does not place the source 
of wealth in commerce, because all its operations are limited 
to the\;onveyance of the produce of the soil and of industry 
from one plaCe to another. Neither can industry aspire to 
this eminent prerogative ; because it only transforms the 
territorial produce into different shapes, without adding any 
thing to its quantity ; and because its productions are only 
the material representatives of the produce of the soil, 
which the manufacturer has employed or consumed. Land 
alone, according to this system, is the true source of wealth, 
because it produces every thing that man desires for the 
supply of his wants, and because it constantly reproduces a 
quantity superior, to what has been consumed to effect its 
reproduction* This excess of reproduction, this gratuitous 
gift of the soil, this net produce, is the only fund that can 
be employed to encourage the progress of labour, to reward 
its success, to promote improvements, and indefinitely to 
increase the sum of public and private wealth. 

Agricultural labour, by a necessary consequence, is the 
only productive one ; all other labours are barren and un- 
productive. By another consequence, the surplus of the 
produce of the soil above all expenses to obtain it, being a 
gratuitous gift of the land, ought to belong to the land* 
owrners; they alone can distribute it to the other classes of 
the community, a circumstance tliat gives them the character 
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of pay-masters ; and to thoae who receive it, the character 
of mercenaries. On this respective paying and being pud, 
the economists built the reliOiTe rights of govemcws and 
governed, lliey asserted, that the landowners, as paying, 
ought alone to share in the government; and that all tbclse 
who are paid, cannot take any part in it without sn e^eat 
and manifest usurpaticm ; and finally, M* Qnesnai main- 
tained, that the net produce being' the sole disposable 
weakh, the public revenue can only be derived firooi part 
of this produce : that the act of sharing in the net produce 
renders government a co-proprietor of the soil ; and that 
this co-proprietorship constitutes its ri^t to goTemment, 
which right is limited by its co-proprietors. 

At this period, the principal writers on political economy, 
and who defended the mercantile system, wexe all Italians, 
who made weahh dqiend on the unKmtted liberty of forrign 
commerce, and triumphantly rdiited the system of tlie 
Frendi economists. Dr. Adam Smith then inquired into 
the nature and causes of die weahh of natioas, and oon- 
bating the mercantile und agricultuhd i^stem with weapcms 
equally fermtdable, assumed other prindples, and was, as 
it were, die creator of the science. 

Notwithstanding the high rank which Dr. Smith hcdds, 
Lord Lauderdale has asserted, in a work whidi he pidolish- 
ed a few years back, that he had no fixed opinion as to the 
sowves of national wealth, and quotes some passives Stcmb 
his cdebrated work in defence of this assertion. In one 
place Adam Smith says, <^ that the annual labour <^ erery 
nation is the fund which originally supplies it with all the 
necessaries and conveniences of tife^ which it annually con- 
sumes ; and which consist always either in the knmedtate 
produce of that labour, or in what is purchased with that 
produce from other nations/* In anolher jdaee^ he 
says, "lands, mines, and fisheries, replace with profit 
not only the capitals employed on thom, bat all other 
capitals employed in the community^ ' in a diflbrent part 
of his woric, iit is stated, « that the real wealth of a 
country consists in the annual produce of its land and 
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labour ;*' then <* that the liind and capital stock are the two 
ori^iud sources of all revenue* both private mid public ; 
capital stock pays the wages of productive labour, whether 
em^doyed in ngricnlture^ manulkctures, or commerce;*' atid 
lastly, he asserts, that we ought to consider ** land, labour, 
and capital, as being, all three, sources of wealth ; for who** 
ever dmves his revenue from a fund that is his own, most 
draw it either from his labour, bis stock, or his land.'' 
These passages are^ no doubt, difficult to reooncSe; nev«9r- 
theless, upon an attentive review of the whole woik, it 
seems certain, that he placed the source of wealth in 
labour, which fixes and reili2es itself in some particular 
subject, that lasts fer some time^ at least, after diat labour ts 
past, whose power is at^mented by subdivision, which is 
devd^Sped by trade, improved by competition, and pro- 
portioned to the extent of the market, capital, and wages. 

Ever since Dr. Smith published his great work, no other 
theory has been proposed ; and though he may not have 
assigned the limits oT the science, nevertheless be has so 
w^ determmed its principles, that it will be impossible to 
misB or go much astray from the doctrine whidi he means 
to estaUisfa. Lord Lauderdale, who has critidsed some 
fundamental points of Dr. Smith's, derives wealth from kuid, 
labour, and capital: and he goes fiurther; he attempts to 
determine the share which each of these sources has in 
the formation of public wealth. 

Such are the various systems concerning the sources of 
wealth. Though they appear at variance^ their difference 
is little more than nominal, and of very little importance to 
the science. The partisans of the mercantile system do not 
assert, that the precious metals which are accumulated by 
commerce in a country, are not derived from the produce 
of land, labour, and capital; they even take it for granted 
that it is so. Again, the French economists do not pretend 
to believe, that the soil spontaneously yields wealth; so fer 
from it, that they allow, if land be the source of wealth, 
it is agriculture that multiplies it; and by agriculture they 
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understand the labour and capital of the husbandman; tfaejr 
even admit that the exchangeable value of the agricultuial 
produce is the measure (rf* wealth of a nation ; and that thb 
exchangeable value can only be obtained by, the free con- 
currence of the home and foreign trade ; in this way the 
economists themselves derive wealth from land, labour, ca- 
pital, and commerce. By placing the source of wealth in 
labour, which fixes and realizes itself in some permanent 
object. Dr. Smith likewise admits the co-operation of land, 
labour, capital, and commerce.. Finally, the system of the 
earl of Lauderdale difiers from the other systems only as fkr 
as his lordship assigns a particular importance to capital. 
In eveiy other respect the noble lord coincides more or 
less with the agricultural system, and the system of labour. 
Thus, it is evident, that it is not properly conceming the 
sources of wealth that the different systems varjr; they all» 
in &ct, acknowledge that w^th. is produced by the con- 
currence of labour, land, capital, and commerce; they chiefly 
differ respecting the more or less important share which 
they assign to each of these causes : in this consists their 
difference, and in this lies all the difficulty of the sdenoe 
On these subjects we shall in the. next chapter ^>eak more 
fully. 
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POLITICAL ECONOMY, Continued. 

W«aldi,froiii what produced — Revenue derired from laod^— Principle 
of the variation of rents — Different kinds of land.— Mines — Fish- 
eries. -!-Revehue derived from labour — Wages, how regulated 

Circumstances which cause a rise of wages — Productive and unpro- . 
ductive labour —"Various theories concerning labour a» a source of 
Revenue — Which kind of labour most productive— Causes that in- 
vigorate labour, improve its powers^ and meliorate its produce — 
IMvision of labour. — Machinery. — Of the numbers that do not con- 
tribute to produce food. — Various systems concerning capital — Dif- 
ferent ways in which capital is employed. 

All wealth is either produced by the spontaneous bounty 
of nature, or it is the frpit of human industry, or it is gene- 
rated by the judicious employment of a quantity of wealth 
previously accumulated. To these three heads, that is, to 
land, labour^ and capital^ all national wealth has been refer* - 
red by Dr. Smith, and many other writers on this subject* 
The Doctor has, however, in many parts of his work con- > 
sidered and represented labour as the only source of. 
wealth. !]^ut labour, and the same may be said of land and 
capital, is only a mean of furnishing or mcreasing a supply 
of those articles for which there already exists a demand; 
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470 POLITICAL ECONOMY. 

and unless there be a demand, the most arduous exertions 
will meet witli no remuneration whatever. 

Of the reoenue derived Jrom land. All land capable of 
cultivation affords something more than is necessary to pay 
the expense of working it. This Surplus goes as r^it to 
the landlord, who relinquishes to the farmer the produce 
of cultivation. The proportion of the produce of land, 
which is to be reserved for rent, varies with diflbent cir- 
cumstances : of these^ the principal are, the fertility of the 
soil — the extent of the demand or market — the prosperi^ 
or poverty of the country, which causes a greater or less 
demand for that produce ; and the flkill and activity of the 
cultivators or fiumers. In other words, the rate at which 
farms let, must, like the price of all other commodities, 
depend altogether upon the demand and the supply. If 
farming is reckoned a gainful concern, many will bid for 
farms, and the rent will be raised by competitiou, and vice 
versa. Land which produces food for man, whether directly 
or indirectly, will always afford rent to the landlord, in 
proportion to its fertility and the circumstances just enume- 
rated. Men multiply in propoition to the means of sub- 
sistence, and as has been shown by the ablest economists, 
they have a tendency to multiply beyond those means; 
hence there is at all times a full demand for this species of 
produce. The rent, therefore, afforded by the land which 
is employed in cultivating food, regulates the rent of all 
other species of land. No oncy unless he was forced to it 
by peculiarities of soil, would cultivate an article that af- 
forded less rent than tliis. While, however, there are soUs 
which are only fit for the production of an inferior article, 
there are others well adapted to the production of those 
that are of higher value than tl)at of bread com. These 
observations apply to that produce of land which is the 
result of human labour ; for with reqpect to the ^ontaneous 
produce of land, it depends on circumftances whether it 
does or does not yield any profit. In a rude state of so- 
ciety, this produce will scarcely bear any value. Undvi- 
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LABOUR A SOURCE OF REVENUE. 471 

lized, imd uncultivated countries are often covered with 
immense woods, the cutting down of mrhich is a burden 
rather than an advantage, whereas in an improved country 
the wood would affi>rd a very large revenue. Most of the 
materials of clothing and lodging mre of this nature. In 
the infancy of society, the great object is food : provided 
men can procure that, they are satisfied with very moderate 
accommodatiops in other respects. The hides and furs of 
the beasts which they kill in hunting, will supply all 
their wants with regard to covering. But as society be- 
comes more opulent, and luxury is introduced, clothes are 
among the iavourite objects on which this luxury is vented : 
aa increase, therefore, takes place in the demand for its ma- 
terials. The same may be said of those of lodging and 
furniture. Mines may be considered in the same li^t as 
land : they yield a rent which, however, is generally less 
than that of land. Coal, a very important article in this 
country, is kept down in price by its relation to the price 
of wood, otherwise wood would be preferred as fiid. The 
rent of a coal mine is from one fifth to one tenth of its pro- 
duce. The tin mines of Cornwall, the richest in the worlds 
yield in rent only about a sixth part of their gross produce. 
Fisheries form another source of wealth similar to land 
and mines. The sea, however, has never yet been appro- 
priated, nor a rent exacted for its use. But the right of 
fishing has, in some ^esA of peculiar fertility, been claimed 
as national property. River fisheries frequently produce a 
high rent. 

Of the revenue derived Jrom labour. Tlie great source 
of exchangeable commodities is the labour of man : even 
those powers of nature for which rent is paid, rarely aflford 
any thing valuable, unless aided by human efibrts. Capital, 
however powerful an instrument, consists merely of accu- 
mulated labour. Originally the fruit of every man's in- 
dustry would belong entirely to himself but when once 
lands came to be appropriated, the proprietor of the land 
claimed, as hb right from the cultivator, a share of the pro- 
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472 POLITICAL ECONOMY, 

diice. As the state of society became more complicated, and 
markets more remote, something more would be requisite. 
It would be necessary to have subsistence, while the article 
was in the progress of production, and carrying to market, 
and to. be able to purchase materials on which to work, and 
to command a fixed capital in order to render labour more 
productive. For all these purposes, capital would become 
necessary, and the person who had accumulated a portion 
of it, would be able to command the services of several 
others, to whom he would . advance subsistence and the 
materials of working, and would receive in return the fiiiits 
of their labour. As capitals accumulate, this becomes 
almost universally the case; in a commercial state, few in- 
dependent workmen are to be found. 

The price of labour or wages is r^ulated like every 
tJing else by the demand and the supply. If there are 
many who want and can employ workmen, and if few of 
that description can be found, the competition of the masters 
will raise the wages, until the whole capital, not otherwise 
employed, is distributed among that small number of troik« 
men. Under different circumstances, workmen, willing to 
work for almost any thing rather than starve will bid against 
each other till they are all employed, at however low a 
recompence. . 

The supply of labour^ that is, in fact, the population of 
a country, has a natural tendency to suit itself to the de- 
mand. High wages, by encouraging early marriage, and 
enabling tlie labourer to take better care of his children, 
soon cause an addition to the numbers of a state, which iu 
its turn brings down the wages. Hence uncommonly high 
wages take place chiefly in an advancing state of society, 
when a number of employments are open, for which a suf- 
ficiency of labourers cannot be found. When the wealth 
of a country is stationary, the wages will be moderate^ but 
sufficient to rear such a number of children, as may keep 
up the population, but not such as to admit of any increase. 
When the country is in a declining state, the wages will 



Digitized 



by Google 



LABOUR A SOUrtCE OF REVENUE. 473 

necessarily fall below this, they ^ill scarcely enable the 
labourer to subsist, comparatively few will be able to 
rear families, and the population will decline. It has, 
therefore, been inferred, that the price of subsistence has 
not, and ought not to have any immediate influence on the 
wages of labour. For the demand for labour, the fiinds by 
which it is paid, and the number of labourers continuing 
the same, no alteration in its price will take place. For 
masters, therefore, to give higher wages on account of 
scarcity is, probably, an injudicious act of benevolence. 
The funds for the maintenance of labour, are rather dimi- 
nished than increased by a dearth, so that the giving a 
greater proportion of them to some, must be the means of 
throwing others altogether out of employment, and to this 
cause may be ascribed the want of work usually complained 
of at these periods. Where the rise of provisions is {per- 
manent, .that of labour, though not immediate, must ulti- 
mately take place, in consequence of a diminution of the 
supply. 

Wages, in general, are the same, or nearly so, over a 
whole country ; for if they are higher in one place than in 
another, it becomes a natural attraction to those of other 
districts, who soon reduce the rate to a proper level. 
Wages are usually higher in cities than in the country, 
because the capitals there are greater. The country also 
is more prolific, while few towns keep up their own num- 
bers. Many, indeed, migrate from the country to townsf 
but the natural attachment which people feel for their 
native spot, and to the more wholesome and cheerful oc- 
cupations, prevents this migration from being so great as 
entirely to equalize tlie rate. 

Wages,, however, vary not only 6rom local causes, but 
from others connected with the nature of the employments 
by which they are earned. There have been enumerated 
five circumstances which tend to raise the wages of any 
class of men above the ordinary level. I. When the em- 
ployment is unwholesome, or even disagreeable. 2. Where 



Digitized 



by Google 



47i POUTICAL ECONOMY. 

a profession is difficult to learn. 3. Where the employ- 
ment is precarious. 4. Where great trust is reposed m 
the WOTkman. 5. Where there is any peculiar risk. 

There are besides these, some circumstances, to which 
all trades are occasionally liable. In a new trade the wages 
are generally higher — an extraordinary demand likewise 
raises wages : on the other hand, sometimes woric is done 
cheaper Uian usual from being taken up as a bye employ- 
ment by those who derive the main part of their subsistence 
from a different source. This takes place, however, only 
where the demand for labour is slender ; in other circum- 
stances, the whole of a man's time may be advantageously 
employed. 

In considering the effects of labour in the production of 
wealth, Dr. Smith divides it into two kinds, which he calls 
productive and unproductive. By productive labourers he 
means those whose industry produces a commodity which 
remains and can be exchanged for another: thus thefiuimer 
produces com, the manufacturer cloth. Sic The unpro- 
ductive are those whose services perish in the moment of 
performance, and never produce any commodi^ to which 
value can be attached. These include a variety of pitufes- 
sions, as well the most respectable^ as the least so. It in- 
cludes all those employed in the executive government, 
public teachers, menial servants, players, musicians, &c. 
The more a man maintains of the former kind of labourers, 
the richer he becomes ; the more he maintains of the latter, 
he becomes the poorer. 

Having given an outline of Dr. Smith's theory respect- 
ing labour, we shall consider some other theories oonceni- 
ing labour as a source of wealth. la every system of 
political economy, labour has the greatest share in the 
formation, increase, and preservation of wealth. If the 
labourer find the precious seeds of wealth in the sponta- 
neous gifts of the soil, he fertilizes, multiplies, varies them 
by his activity, his skill, and his industry ; and obtains re- 
sults so new, so different, and so remote 6rom their nature, 
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that he may ahnost be regarded as the creator, rather than 
as the co-operator m obtaining wealth, and hence Canard 
defines wealth to be "an accumulation of superfluous 
labour/' 

On this subject many interesting questions occur : Is this 
productiveness of labour exclusively reserved to one^- pe- 
culiar to a few, or common to all sorts of labour ? Is there, 
among the different kinds of labour, any one more especially 
productive, and favourable to the progress of wealth ? Is 
agriculture more conducive to wealth than manufiu:tures 
and commerce? What are the means of rendering these 
different labours more productive and more profitable? 
Which are the obstacles that oppose their progress, and im- 
pede their success ? These questions it will be interesting to 
investigate as far as the nature of our work will allow. 

The economists assign, exclusively, to agricultural labour^ 
the power of producing wealth, and regard every other kind 
as barren and unproductive. .They do not deny the useful- 
ness of what they call unproductive labour, — they oiAy limit 
its utility ; and assert, that with regard to manufitctures, this 
utility consists in tlie adaptation of the agricultural produce 
to consumption ; with regard to commerce, in its convey- 
ance to the consumer; and with r^;ard to the sciences, 
literatture, and the arts, in their power of defending, pro- 
tecting, and encouraging all kinds of labours, in multiply- 
ing the enjoyments of life, and in extending and improving 
the moral and intellectual fiiculties of man; services which, 
notwithstanding their importance, only modify, or transport 
the agricultural produce, add nothing to its quantity, and 
yield no new produce; whence they infer, that agricultural 
labour is the only productive one. This system was not 
formerly adopted by any English or Italian writer of cele- 
brity ; of late years it has met with an able defender in 
Gamier, a French senator, who translated the " Wealth 
of Nations" into his own language, for the purpose of 
writing notes and comments, which he trusted would render 
the system of the economists triumphant over the doctrines 



Digitized 



by Google 



476 POLITICAL ECONOMY. 

of Smith, and all the writers who have opposed his &voaTile 
opinion. In our country, at a still later period, the econo- 
mists have found a most ingenious advocate in Mr. William 
Spence, at least as to their main principle, that the s<m1 is 
the grand source of wealth. See his tracts, entitled 
" Britain Independent of Commerce;** and "Agriculture 
tlie Source of Wealth to Britain.** 

In the present state of civilization, we know labour only 
through the exchange of its produce; in this exdiange, 
every labourer, every family, every nation, find means of 
supplying their wants, procuring some comforts, and reach- 
ing a more or less elevated point of prosperity, power, and 
happiness. Hence labour appears to contribute to wealth, 
merely through its produce being exchanged, and by this 
exchange alone, its particular and general properties ought 
to be estimated. The value of labour cannot be separated 
from the exchange of its produce ; for if the produce of 
labour be not exchanged, every individual would be re- 
duced to work to procure the articles necessary for his 
food, his raiment, and his dwelling ; and under such cir- 
cumstances, ages must roll away, before the unexchanged 
labour of individuals would produce any wealth. Agricnl- * 
tural labour, then, cannot alone be productive of wealth ; 
and if, like all other kinds of labour, it co-operate in Che 
creation of wealth, merely by the exchange of its produc- 
tions, if it has no value, but through this exchange, it 
cannot be called the only productive labour, in opposition 
to all other kinds. 

Of agricultural produce, one part is destined to replace 
that which has been consumed by the husbandman during 
his labour ; this part has no value of its own, it is merely 
the instrument of agriculture destined to supply absolute 
and indispensable wants, and cannot contribute to the form- 
ation of wealth. The other, called the net produce, has 
no value as long as it remains in the hands of the husband- 
man. His stacks as stock, are no wealth to bun ; it is only 
when this net produce departs from him to be consumed 
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by others, that it becomes useful, obtains a value, and forms 
one of the elements of wealth. There are only two ways 
by which this net produce can be transmitted to others, viz. 
by a free gift, or by a cession against an equivalent. ^^ The 
former," says a good writer, ^* cannot be practised for any 
length of time^ and has not yet contributed to the wealth of 
any nation. Hospitality among those who are on the 
lowest steps in the scale of civilization, benevolence among 
those who are more civilized, and charity among those 
whose civilization is heightened by religion, have never 
been of great assistance to augment the population, wealth, 
or power of any nation." The second way, the cession of 
the net produce against an equivalent, alone confers a value 
upon agricultural labom* ; but in this case its value is rela- 
tive, and, like the value of all other labour, is dependent 
on its being exchanged. 

. Dr. Smith endeavoured to refute the position of the ex- 
clusive productiveness of agricultural labour, by accusing 
of unproductiveness any labour which, after it is over, does 
not fix and realize itself in some pemfanent object; by de- 
nying the productive faculty to any labour which does not 
terminate in a material and permanent produce, and by 
supposing that wealth depends on the numerical proportion 
between the individuals employed in what he calls useful 
labour, and those who are not usefully employed^ On this 
account he wished to reduce the number of labourers who 
are not usefully occupied, and to increase that of those who 
are usefully employed; not reflecting, that could this be 
accoropUshed to the full extent, the formation of wealth 
would be impossible, because consumers would be wanting 
for the commodities produced, and then in future that 
which was not likely to be consumed, would not be pro- 
duced. Hence labours exclusively devoted to luxury, 
pomp, and even the most frivolous expenses, are produc- 
tive; because they co-operate to increase the population 
and wealthy and cmtribute to the splendour and power of 
states. 
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The quGstion.now occurs, as to the land qf labour nAich 
is most productive^ and most fiivourable to the growdi of 
wealth. This inquiry is of great importance; it is the 
foundation of the science, since labour has the greatest 
share in the formation, increase, and preservation of wealt^L 
" It is remarkable,'* says M. Ganilk, " that almost eveiy 
writer on this controversy has regarded the labour, which 
is preferred in his own country, as the most productive." 
Thus, with the exception of Adam Smith, the English 
writers assign the first rank to commerce and maou&ctures. 
In France, where agriculture has always predominated, 
the writers on political economy have genarally granted 
agriculture the precedency before commerce and manufac- 
tures. In Italy, opinions have been divided ; and acoordii^ 
as they inhabited either the interior or the maritime pro- 
vinces, the writers on subjects connected with political 
economy have extolled agriculture^ or manu&ctures and 
commerce. It may, in this state of things, be worth while 
attempting to determine whether agriculture, or commerce 
and manufactures, are most conducive to the advancement 
of public and private wealth, to the welfare of individuals, 
the prosperity of nations, and their absolute and relative 
power ; that is, to determine which of these labours obtains 
the greatest value for its produce on its being exchanged; 
this circumstance being at once, the promoter, regulator, 
and arbitrator of wealth. 

By means of f^riculture, men may succeed in procorii^ 
com and cattle for their food, and raw materials for th^r 
clothes and habitations, but here the progress of wealth 
stops ; they would not think of producing any surplus, or 
of accumulating any stodc. Or supposing tbat a sarplus 
had been stored up, th^ would have no inducement to cedle 
this to others, to whom idleness or accidents should have 
rendered it necessary, because no equivalent could be ob- 
tained, all agricultural productions being uniform and iden- 
tic m the same country. But suppose the combined pro- 
gress of agriculture and population should lead to the divi- 
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sion of lalK>ur, and the separation of the labouring classes, 
what, under such circumstances, would be the growth of 
public and private wealth? As agricultural productions 
aflbrd the means of subsistence, the wages of all labour, 
they would be distributed in proportion to the wants of 
the husbandmen, and the progress of agriculture ; conse- 
quently, the share of the industrious classes would be small, 
and would not allow them to extend, to prosper, or to as- 
pire to a free and independent condition. Supposing even 
that agriculture could by itself, raise a numerous, rich, and 
flourishing population, it would not be productive of any 
great moral and political virtues, of the energy, public spirit, 
and eminent qualities, which alone form really great nations, 
and render their inhabitants illustrious. Neither could a 
mere i^icultural nation possess any means of resistance 
against foreign invaders, of power and grandeur; hence 
we see the deficiency of the agricultural system with regard 
to political independence^ national power, and puUic wealth. 
These defects equally show themselves in the small extent 
of general labour, in the insulated condition of individuals, 
in the weakness of government, and in national impotency 
and general indijSisrenoe ; of course agriculture cannot be 
considered as the most productive of all labours, much less 
as forming ^* the natural constitution of a government the 
best adapted to the human race.*' 

Do mamifactures and commerce afibrd the advantages 
which seem to be denied to agriculture ? If it be said that 
men b^in by tilling then: lands before they build ships to 
go in search of new lands beyond seas, it may be answered, 
that those who are forced to devote themselves to maritime 
commerce, soon acquire that industry, the o£&pring of want, 
which does not stimulate other nations. This industry ac- 
quires great superiority, wh^ labour is subdivided, when 
the manu&ctnring and trading classes, breaking the fetters 
which kept them endiained to agricukur^ labour, without 
watting for the deman^d, submit their productions to cooEh- 
mercial exchanges, md derive from the equivalents obtnned 
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in return, their subsistence, their comforts, and their wealth. 
Their economical notions then take a new course, their re- 
lations become complicated ; the results of their commerce 
are lost in an obscurity so profound, that they are not al- 
ways clear to the most acute and best exercised under- 
standings, and their advantages and inconveniences are fre- 
quendy mistaken. 

As soon as the labouring classes, whether agricultund, 
or manufacturing and commercial, carry to market the sur- 
plus of their produce above their consumption, and exchange 
one for the other, general industry receives a firesh impulse, 
follows another direction, and attains a higher destiny. 
The producer does not wait for the produce being consumed 
before he reproduces more; neither does he limit his pro- 
ductions to the local consumption, or to his present and 
actual wants. In this system, every producer is a con- 
sumer; all productions are thrown into the scales of a ge- 
neral exchange, and commerce begets general production 
by general consuniption. The labour of the husbandman 
is no longer confined to his necessary subsistence; he la- 
bours for a surplus, to be enabled to purchase objects, the 
sight of which, in the market, may inspire him with the 
desire of possessing them. The industrious do not now 
wait for orders to labour; they create, invent, perfect the 
means of rendering life convenient, comfortable, and agree- 
able ; of multiplying enjoyments, and satisfying every de- 
sire. They are no longer reduced to a mercenary hawking, 
but collect and preserve in their warehouses the surplus of 
productions which liave not met with any demand, and 
endeavour to provide consiuners for it on every point of 
the globe. In this way the trading classes produce, pre- 
serve^ and multiply wealth. 

Riches do not now consist in the proportion of produce 
to wants, of income to expenditure, of production to con- 
sumption : but in the accumulation of a surplus, stored up 
for unforeseen wante and enjoyments. This surplus is a 
resource for ihe existing population against the uncertaint}' 
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of the seasons^ and it acts as a premium for their increase. 
Individuals are multiplied in proportion to the surplus diAt 
is accumulated, and nations prosper in the compound ratio 
of the mass of their surplus, and the increase of their pof- 
pulation, and public wealth results from the exchange of 
the surplus produce of general labour. 

If property, the accumulated surplus of labour, be the 
spring of labour and wealth, the foundation of social order, 
and the support of public and private prosperity ; how much 
must its power have been augmented by the abundance of 
gold and silver, which caused property to reach even the 
poorest classes of the community, which might be kept or 
transmitted, stored up, or used, at the call of their passions 
and dispositions, and according to the circumstances ill 
which they were placed ! By diiFusIng the advantages of 
property among the labouring classes, the precious metals 
served as a sort of bond of union, ranking them with the 
other classes, under the general name of proprietors. Tlius 
greater degrees of civilization were obtained, and the people, 
otherwise but a few degrees above barbarism, became in- 
spired with sentiments of justice and mutual benevolence. 
Now the eflects which we have described as necessarily re- 
sulting from the plenty of precious metals, considered 
mer^ as merchandise, belong exclusively to manufactures 
and commerce, and could not have taken place in the agri- 
cultural system ; which shows at what a disttmce those two 
kinds of pursuit are from each other, and how greatly their 
reciprocal influence on labour and wealth differs. 

In comparing the advantages of agriculture with those of 
commerce and manufactures, it has been observed, that agri- 
cultural produce is common to all countries, and has every 
where to straggle against a general competition ; while com- 
merce and manufactures are peculiar only to some countries 
and some governments, and have of course no general com- 
petition to encounter. Agriculture does, not require any 
great talents ;. nature performs a large part of the work : its 
improvements Are alow, and the discoveries by which they 
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may be hastened, are soon known to all agricultural nafioos. 
The case is different with manufactures and commerce; they 
require a certain degree of intelligence, are continually im- 
proving, reach to a degree of superiority difficult to be at- 
tained, and rarely lose the superiority which they have once 
acquired. Agriculture ia subject to .accidents ; the risks of 
industry and commerce are less numerous, and less £ital. 
Agriculture cannot extend its produce beyond the extent of 
its territory and agricultural population ; neither can it ac- 
cumulate large quantities of its productions, because they 
would require immense costly buildings, and because they 
rapidly perish. Manufistctures and commerce may multiply 
their productions without increasing the number of hands 
employed, and frequently even by diminishing their number. 
These productions may be stored up, at comparativeij 
small expenses, in proper warehouses, without any &ar of 
their decaying before they are sold. Their consumption 
finds no limits but in the numbers of mankind^ and in. the 
progress of general wealth ; that is to say, it is unlimited. 
Lastly, agriculture cannot build great hopes on the improve- 
ments«of its methods. Notwithstanding the encouragements 
which have been bestowed upon agriculture by governments^ 
and the effi>rts of learned societies, it has not, amoE^ the 
most enlightened nations, advanced much beyond the point 
at which it remains among the most ignorant ; while the im- 
provements of manu&ctures and commerce have be^ unin- 
terrupted within the three last centuries, and promise still 
grater success from the discoveries of the arts, and the de- 
velopement of all the productive powers of labour. 

Hence it is inferred, ttiat without monopoly, or particular 
privileges, manu&ctures and commerce contribute Doore 
efficaciously than agriculture to the progress of wealth, and 
give to manu£»cturing and trading nations an absolute 
preponderance over agricultural nations. 

Merchants, by following navigators on all coasts, and 
travellers in all climates, to open commercial communica- 
tions with their inhabitants, by bringing to market the pro- 
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duoe of unknown countries^ and in exchai^ for this, which 
is of no value to the owners, giving them o^er useful and 
agreeable productions, are actually creators both of this new 
produce^ and the equivalents which serve to pay for it, and 
ai^pment public and private wealth by the whole value of 
this produce, and its equivalents. There is, therefore, a 
kind of industry which is not paid for by local wealth, which 
draws its wagies from the wealth which it creates, and whieli 
never can obstruct any kind of manufactures ; which can 
neither be impoverished by, nor impoverish any : all may 
prosper by each other's side, lend each other mutual sup- 
port, and be so much the more beneficial to general wealth, 
as they are more numerous. 

The supmori^ of the mercantile over the agricultural 
^stem, is particularly maoifest with regard to political 
power and independence. In the mercantile system, the 
manu&ctnring and trading cbsses are able to spare, for the 
service of the country,, a great number of young men, with- 
out any prejudice to general labour. The diminntion of 
workmen iis repaired by more exertion, more assidui^, and 
a bettor employment of. time on the part of the other la- 
bourers. And should the produce be diminished, its value 
is inereased by its scarcity, the national income always re* 
maining the same. Even in war, manufacturing and com- 
mercial nations find in their foreign relations, in the circu« 
lation of their produce in all parts of the globe, and in 
their credit, facilities, and resouiwes from which agricultural 
natims aire debarred: so that, on the whole,- we may con- 
chide^ that if labour has the greatest share in the formation 
and progress of general •wealth, its productiveness is not the 
exdusive lot of any particular labour, but is common to 
labour in general, and eminently connected with manu&c- 
tures and commerce. This concurrence of labours is cal- 
culated to produce wealth, without any other pre-eminence 
than that which was obtained by the exchange of produc- 
tions. By this sjrstem, all follow their own inclinations, 
develope and improve their own faculties, encourage and 
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improve each other by a noble emulation, and are every in- 
stant of time reminded of their need of eadi other. Though 
scattered over the globe, speaking different languages, and 
following difiTerent customs, men are no longer strangers to 
each other ; they labour one for the other ; they correspraid 
together, although separated by deep seas, severe climates, 
inaccessible mountuns, and inhospitable deserts, and thus 
the produce of g^ieral labour is circulated all over the worfd. 
We are now to inquire into the causes which invigorate 
labour^ improve its ponoers^ and meliorate its produce. Dr. 
Smith ascribes all its improvements to the division of its 
parts, or the confiding to several hands, the different 
branches of the same labour, which gives each labourer 
more dexterity, avoids the loss of time occasioned by the 
change of labour, and is conducive to the invention of mar- 
dames which shorten and fisudlitate labour, and enable one 
individual to perform the labour of many. On tUs prin- 
ciple, it has generally been considered as one of the things 
which have most accelerated the progress of political eco- 
nomy, and most contributed to tiie celd>rity of its author. 
But the earl of Lauderdale has controverted the principle : 
he contends, in the first place, that the idea of the effects of 
the division of labour is not new; that it has been recog- 
nised firom the days of Xenopfaon; and that, on this principle, 
professions in ancient times were made hereditary : he adds, 
tiiat the great number of distinct operations that contribute 
towards the formation of some of die most trifling manufiu;- 
tures, is not derived from any .degree of habitual dexterity, 
or from the saving of time, as results of the division of la- 
bour, but from the circumstance of* performing labour by 
capital. Without the machinery, which the fiurulty that 
man possesses of supplanting labour by capital introduces, 
no great progress could have been made in the rapidity with 
which pins are formed ; and one man, with the use of this 
machinery, though he goes throu^ and performs all the 
operations himself, must manu&cture more pins in an hour, 
than would be formed in a month, or a year, by any num- 
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ber of men among whom labour could be divided, if unaided 
by the circumstance of part of their labour being supplanted 
and performed by capital. The noble earl produces iacts 
in support of his position, and concludes generally, ^^ that 
it is to the introduction of some sort of machinery ; to the 
effect of the application of chemistry to manufactures; and 
to the Increase or command of capital enabling the manu- 
facturers to reduce the price of manu&ctured commodities, 
that we are indebted for the wealth and comforts generally 
enjoyed by civilized society." 

It is of no consequence to the general question whether 
the effects of the division of labour were or were not known 
to the nations of antiquity, but it is important to inquire 
whether machinery, or the division of labour, be more con- 
ducive to develope the energies of the labourer, improve 
his faculties, and increase his produce. The division of 
labour imparts to the workman not only greater facility, 
dexterity, and intelligence, to perform the business which 
he has undertaken, but it distributes every part of the 
labour in the manner best calculated to hasten and improve 
its p^ormance : so that if it even were true, that the 
labourer receives greater assistance from machinery than 
from the division of labour, yet it would appear, that with 
regard to labour in general, the distribution of the diilerent 
parts of labour renders services to it superior to those of 
machinery. Hence the division of labour appears to be 
entitled to be compared with the directioif of labour. 
Machines may be more diligent, more active, and less ex- 
pensive labourers : but the division of labour is the under- 
taker that directs them, r^ulates their motion, and guides 
them to their end by the straighter, and of course the 
shortest line. The division of labour prepares the links of 
that immense chain which connects individuals with in- 
dividuals, fiunilies with families, nations with nations, and 
x^onverts the whole world into a single workshop, — a 
general manufactory. If, however, the division of labour 
be so. advantageous in manufactures and commerce, the 
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thing is not at all evident in agriculture. It is still a sub- 
ject of dd^ate, whether large or small farms are more be- 
neficial to a country. Dr. Price, in his Reversionary 
Payments, said there was no maxim of political ecooomy 
more true than this, that the division of property, that is, 
of land, into small &nns, increased population, and, of 
course, die strengtli of the country, Arthur Yom^, in his 
Politioid Arithmetic, assumes, that it is not the number of 
people, but their wealth, which constitutes power; and 
that population ought to be subordinate to agricuhore, so 
that the abundance of produce should amstantly precede 
the increase of population. As it is admitted that large 
farms yield a larger quantity of prcxlace, than they would 
if divided into small ones, or what is the same, they yield 
an equal produce at less expense; should this saving of 
costs be obtained at the expense of the husbandmen, so as 
to diminish their number, population would not be a suf- 
ferer, and wealth would be a considerable gainer. 

To inquire into the actual utili^ of machines, (^ which 
L^rd Lauderdale speaks so highly, we must distinguisk be- 
tween machines that perform labour beyond the sfcrengdi of 
man, and those that perform labours whidi man is capable 
of p^orming. With regard to the former, ttey are always 
profitable, and can never be prejudicial, since they aSsrd 
productions which exceed human strength and dexterity, 
and could not exist without their aid. With respect to 
those macMnes which bardy supplant the laboof of man, 
it has been remarked, that they wre not prgodidal to na- 
tiona whose prosperity is on the increase, becaose they 
merely supply the want of hands : but nations whose wealth 
is stationary, or retrograding, have no need of them. This 
distinction does not seem to rest on any solid tmad^tboo^ if 
it be considered that they are not introduced suddenly, but 
slowly and partially, and the labourer, who throngh the 
erection of machines is deprived of his usual empkyymeDt, 
likewise pbtains his wages from new mannfii^ntesy the 
establishment of which every where follows the increase of 



Digitized 



by Google 



LABOUR. 487 

productions ftnd general wealth, and thus the Jabourer is 
not likely to suffer by the introduction of machines, what- 
ever may be the state of the country. To this' it may be 
added, that if any thing can arrest the decline of a country, 
and restore her to prosperity, it would be the use of ma^ 
chinery, and the concentration of small farms into large 
ones, because they would augment the produce of her 
labour, and diminish its cost And wherever there is an 
increase of produce at a smaller expense, there is an increase 
of wealth, and an increase of wealth is uniformly followed 
by an increase of population. 

It has been asserted, timt wealth acquired by industry 
may be useless to the increase of the industrious population, 
and even augment, to their prejudice, the agricultural popu- 
lation, by which they are supplied with the raw produce of 
agriculture. But in reply it is urged, that an agricultural 
country increases her raw produce only as fur as trading 
countries insure its sale. The increase of the wealth and 
population of agricultural nations depends, therefore, on the 
industry and population of the manufacturing ones. But 
in what proportions does the increase of wealth and popu- 
lation take place in both countries? It has been said by 
Gamier, that one day's labour in the manufacturing 
country, is equivalent to two or three days' labour in 
the agricultural country ; therefore, while the wealth and 
population of the agricultural country are increased in the 
proportion of cAie to three, the wealth add t>opulation of the 
manufacturing country augment in the proportion of three 
to one. Again, the t«W produce of an* agricultural country 
is not by any means so well calculated to increase popu- 
lation as a manufactured produce; for the raw produce 
does not remain with agricultural nations ; it passes over to 
the manufiurturing nations. This raw produce is food for 
population, while the manufactured produce serves at the 
most as raiment and household iurniture to agricultural na- 
tions. In this exchange of fbbd for garments, the popu- 
lation that gets the food in a triple proportion to that which 
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gets clothings must aecessarily increase in a. triple prapor- 
lion; because it b food and not clothing which augmeuU 
population. TIms result, which cannot be disputed^ ougjbt 
to teach agricultural nations the necessity of turning their 
attention to manufactures and commerce, on account of 
their superiority over agriculture. 

The inference deducible from what is gone before is^ if 
our reasoning be conclusive, that the means of increasing 
the power of labour, of augmenting its produce, and me- 
liorating its quality, consists, with regard to agriculture, in 
large farms ; and with regard to manufiictures and com- 
merce, in the division of labour and the use of machinery. 
These means give to labour the highest degree of utility 
which it is capable of attaining, particularly if their efl^ 
be not impeded or destroyed by various obstacles^ so.much 
the more fatal as opinions ai*e divided concerning th^ in- 
fluence. These obstacles, said by some philosophers to be 
prejudicial to the progress of labour, and by others con- 
sidered as beneficial, are the slavery of the labourer, ap- 
prenticeships, corporations, and low wages. On these 
subjects we cannot enlarge, but shall give certain statements 
illustrative of the subjects, chiefly taken firom some admir- 
able papers published in the beginning of that usefiil and 
respectable work entitled the " Monthly Magazine," by the 
late Mr. J. J. Grellier. Assuming from the parliamentaiy 
returns, the population of Great Britain, including the army 
and navy, at 10,820,370, he endeavoured to distinguish, as 
nearly as he was able, the proportion of those who subsist 
by the labour of others, to those by Mrhom they are sup- 
ported ; and of the unproductive, though, in most instances, 
useful labourers, to those on whose labour the annual pro- 
duce, and consequently all additions to the nati<HiaI stock, 
depend. 

It appears, that of the whole number of persons living 
more than one-iburth are children under ten years of age^ 
who therefore contribute litde or. nothing to their own 
maintenance; for though, in a few manufiurtures, children 
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under thb age are employed, they are more dian counter- 
balanced by the greater number who remain unemployed 
for several years beyond the age of ten. After deducting 
2,7059092, it will be found, that (Hie in about 28 of the 
remainder, or 289,831, are incapadtated by dd age or in- 
firmities firom useful labour, including all persons in hospi- 
tals, &c» and most of the inhabitants of alms-houses, and 
other charitable establishments. But of those who ttie 
supported by the labour of others, or by the property of 
.others, which comes to the same things there are many who 
ibllow a species of employment, by which they obtain' this 
property, which employment is, howevei^ of no benefit to 
the country, as it is not only unproductive, but useless, and 
in many instances injurious to the community; such are 
gamblers, swindlers, thieves, prostitutes, beggars, gipsies, 
&c. whose aggregate number, according to Mr. Colquhoun's 
estimate for die metropolis, probably exceeds considerably 
. 150,000. The convicts and prisoners confined in the cKf- 
ferent prisons of Great Britain, and on board hulks, are 
usually about 10,000 persons, whose labour is lost to the 
community, for the work which is performed in some of 
our gaols scarcely deserves moition. There is also a class 
of a very difierent description, who are supported by the 
labour of others : this is the nobility and gentry, whose ex- 
emption from labour is considered as a part of their honour 
and distinction ; some, it is true, hold employments under 
the govemnient, and a few are engaged in. agriculture or 
trade; but the majority, who subsist on the income they 
possess^ without following any usefiil occupation, is probei- 
bly not less than 5000. 

These numbers include persons of both sexes, and are 
all rather below the truth than beyond it; they amount to- 
gether to 3,159,923 persons, and being deducted fix)m the 
whole population of 10,820,370, show the number of those 
who work to be 7,660,447. But it is well kg^own, that of 
those who gain a subsistence by their labour, many follow 
employments which^ though more or less necessary and 
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useful, do not, in the least degree, increase the quantity or 
value of the produce of the country ; tlie number cf these 
unproductive labourers is reckoned 1,704,500. 

The whole populatton of the country, without going into 
the particulars, will consist of nearly the following pro- 
portions: 
Supported by others' labour ... 3,I59,9£S 
Unproductive labourers - * • - 1,704,500 
Productive labourers - - - • 5,955»947 

Total • - 10,820,370 

It thus appears, that the whole of the people depend for 

subsistence, and all the conveniences of life, on the labour 

'of little more than one-half; and the increase or decrease 

of thid number, and of the effect produced by the individuals 

who compose it, is die measure of the increase or decline 

of national strength. Of the unproductive labourers, or 

those who gain a subsistence by defending, instructing, or 

serving others, the greater part are highly useful to the 

community, and in the present state of society a nation 

could not exist without them ; but as they do not contribute 

to the production of any of the necessaries of life, 6r articles 

of commerce it is evident that they depend Entirely on the 

exertions of the productive labourers, who are the source 

not only of the general subsistence, and of the means of 

commerce, but of all accumulation of sto^k, which is, in 

ikct, the surplas of foimer produce beyond the consumption. 

Tlie power of acquiring natiolial wealth, therefore, depends 

principally on the proportion of productive labourers to die 

whole number of inhabitants ; for though the population of 

a country should have greatly increased, if it be chi^y by 

an addition of idle hands, ttie produce would remain the 

same, and, the consumption being much greater, the coun* 

try mu^t become poorer : but it likewise depends, in a great 

measure, on the facility with wWch labour is performed ; 

ftMr if a country contained only half Ae number of labouring 
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inhabitants, with the ssime number of other persons it had 
at a former period, but this half, by means of machinery 
and other improvements, could fHroduce the same efBsct as 
the whole number before, such a country would 'become 
considerably richer, though the total population was dimi- 
nished, and the prc^rtion of unproductiye to productive 
persons increased: for -there would be the same supply 
and a much less consumption; and wherever the produce 
or supply exceeds the consumption, there will be an acqui-* 
sition of stoc^; for unless the surplus could be reserved for 
some useful or desirable purpose, it would soon cease to be 
produced, by the supply falling to the level of the demand 
for consumption. The surplus reserved, or converted into 
stock, is a fimd for supporting an increase of exertion, or 
for suf^ying the means of future enjoyment. 

We now proeeed to consider another important subject 
in the science of political eccmomy, viz. the various ^sterns 
amoeming capital. On this topic, the theory of Dr. Smith 
is, without dispute, new. The subject, before his time, was 
not at all understood. The writers on political economy 
made capital consist entirely of metallic currency, and de- 
rived it from foreign commerce ; hence their system was 
denominated the mercantile system. The French econo* 
mists, who substituted the agricultural system, acknow- 
ledged no other capital than the advances on cultivation. 
Dr. Smith took a larger view of the subject; and 
aqpital, according to his theory, consists in the advances 
and prime materials of all kinds of labour — in the im- 
provements of soil •— in the implanents and machines for 
the purposes of agriculture^ manufacture, and trade, which, 
of course, comprise both metallic and paper currencies — 
and likewise in commodities reserved for general consump- 
tion. The latter may fidrly be objected tOy though our 
limits do not allow us to enter on the subgect; yet it cannot 
but be matter of surprise, that the doctor should enumer- 
ate with capital, commodities reserved for consumption, 
and incapable cS being accmnulated. Some modem 
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French authors assign to land, mines, and fisheries^ iwtiteb 
they r^rd as instruments of production, the rank of ciq)itai; 
but Lord Lauderdale limits capital to the instruments and 
machines adapted to shorten and facilitate labour. The 
author to whom we have frequently referred, M. Ganilk, 
defines capital to consist in the accumulation qftheprodma 
^ labour ; and he adds, that <^ according to this definitioD> 
lands, mines, and fisheries, in their original state, would 
not be comprised among capitals; and stripped of the im«- 
provements, instruments, and machines which render xheok 
productive, they scarcely deserve to hold a place in the 
capital stock of a nation. Their spontaneous produce is 
but the smallest part of the general produce of labour, and 
cannot contribute any separate article in the wealth of na- 
tions. If we deduct from agricultural produce the part 
which is due to cultivation ; from the produce of fisheries, 
that which is due to the implements and tools for fishing, 
and particularly to the art of salting, diying, and curing 
fish; and from the produce of mines, that which is due to 
the aid of machines and extraordinary labours; there re- 
mains so little, that there is no danger of erring in ranking 
them among the produce^ of labour, and admitting iheaat 
only as such amoiig capital." . 

Capital o&rs three different considerations, equally in* 
teresting to the science, to its progress, and to its results ; 
viz. \t& formation^ employmeni, and infiuence upon public and 
private wealth. According to Quesnai, capital is derived 
from economy in the costs of agricultural labour; from the 
savings in the expenses of the land-owners, as far as those 
savings are applied to improve the soil ; and firom the in- 
creased price of commodities through foreign trade; and, 
therefore, nothing contributes to the formation of capita/, 
but the saving of the net produce, when employed in agri- 
cultural improvement And Dr. Smith derives capital firom 
the greater or smaller quantity of productive labour rela- 
tively to unproductive labour; fi*om the proportion of the 
productive to the non-productive consuiners; and.ficom 
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economy In private consumption : and he adds, capital is 
increased by parsimony, and diminished by prodigality and 
misconduct. In one principle, Quesnai and Smith agree, 
the one faithful to the agricultural system, and the other 
to his system of productive labour-; they both regard nothing 
but the savings applied to agricultural or productive labours 
as proper to ibrm capital. In whatever way ecoaomy may 
be eSected, it leaves at liberty a sum of produce which is 
consumed by the idle, or by the labouring classes. If by 
the latter, it serves to pay for more labour, or for useful 
labour to be better done. Increased or improved labour 
gives more or better productions, and consequently more 
wealth. Higher wages, at the same time, procure more 
comforts to the labouring class ; and more comforts become 
the -cause of a greater population. Thus the savings con- 
sumed by the labouring classes evidently increase botli 
wealth and population* When the savings are consumed 
by the idle classes, they serve to employ a greater number of 
individuals in labours of luxury: and it matters little 
whether the savings be made by the idle classes, or whether 
they be borrowed by them from the labouring class. In 
the first case, the savings serve only to augment the popu- 
lation ; in the second, the savings of the labouring dass 
are exchanged for the capital of the idle classes, and this 
exchange is not at all injurious to the national capital ; it 
simply effects a change of capitalists, which is perfectly in^p 
diflferent to the formation of capital and wealth, and is in 
no-vrise prejudicial to population. It seems, therefore, 
clear, that Quesnai and Dr. Smith were mistaken in assum- 
ing that savings cannot contribute to the formation of capital, 
except they are applied to agricultural or to productive 
labour. They clearly contribute to the formation of capital, 
though they are employed in labours of luxury. This kind 
of labour, the least beneficial, indeed, to wealth, constantly 
and infidliby replaces the savings by which it is paid, and 
constantly produces the population which is maintained by 
these savings. Hence it is giTen as an axiom, that capital 
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is atmojfs dei^ivedjrom econcmf^.and can neUher bejhrmed nor 
picreased iJiheronise than bj/ economy. Tliis system has been 
opposed by the earl of Lauderdale, who makes the property 
of a society chiefly occupied in agriculture, to consist in 
the laiHl which it cultivates— the stock it reserves for im- 
mediate and remote consumption — and the capital, which 
consists of the animals or machines which are employed to 
save labour in Ae cultivation of the l^nd, or in the con- 
venient consumption of its produce. I^ however, wealth 
result from the accumulation of the surpliB of the produce 
of labour over consumption, it may certainly be increased 
by other means than by those mentioned by the noble 
lord, viz. by economy, which he seems to hold in conten^it. 
Suppose a nation accumulate a certain sum annually, it 
is either distributed to individuals, whose situation is ren- 
dered more comfortable^ and who pay for it with more or 
better labour; and in this case it acts as an encouragem^kt 
to labour and industry, and multiplies' the means of public 
and private wealth ; or it is given to individuals taken from 
the labouring and industrious classes, to be employed in the 
service of the idle and rich: in that'.<:ase also it increases 
population by all the individuals it maintains. Such is the 
natural eflEeot of economy, and oS an increased produce ; 
holdi contribute to the progress of population and wealth. 
There are no limits to this progress^ but in the utmost ex* 
tension and improvement of agricidtur^ manufoctures, com- 
merce, populatbn, and civilization all over the world. 
People, therefore, ought never to relax in endeavouring to 
increase their produce, and being economical in their con- 
sumption. It is certain that consumption is the measure of 
production, for a produce that finds no consumer, is not 
long reproduced* It must not, however, be inferred, that 
an abundant, .and even an over-abundant produce is not 
consumed. The abundance of productions is always an 
excitement to a greater consumption; and, as abuadanoe 
is wealth. Wealth in its turn a^rds the greatest possible 
mea^s of consumption. Production is limited by consump- 
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tioo, either when the consumer does not like the commo* 
dities produced, or when he is unable to pay their price. 
The producer is every where obliged to consult the taste 
and fiiculties of the consumers^ and it is when he is mis- 
taken in these two respects, that non*consumpdon is detri- 
mental to reproduction. Produce will always be consumed, 
provided it suits the consumers, and they have the means 
of paying for it Abundance and cheapness are the springs 
of consumption and reproduction; and as economy neces- 
sarily produces both, it follows that economy is beneficial 
to both. 

We are now to inquire in what manner capitals are em- 
ploj^cL M. Quesnai mentions the following ways : 1. In 
the original advances, which have cleared the ground; 2. 
In the annual advances, which reward the labour of the 
husbandmen^ preserve the original advances, and provide 
against accidents : S. In the advances whidi serve to pay 
for the raw materials and wages of labour : and, 4. In the 
advances of the merchants, who defray carriage and ware- 
house expenses. Dr. Smith took a more enlarged view of 
the 8ubje<;t ; he devotes one part of the capital to immediate 
congun^pn, cpnsisting of foodj^ clothing, household fur- 
niture, houses,; &C. ; a second part he calls fixed capital, 
which affords a revenue without circulation, or changing 
masters; this consists in. useful machines, which abridge 
labour — in buildings, that procure a revenue not only to 
the prc^Mrietor, but to those who pay rent for them — in 
the improvements of land — and, lastly, in the talents of all 
the inhaUtants of the society. The third and last portion 
ifi the circulating capital, and is composed of money — of 
the stock of provisions, from the sale of which a profit is 
expected — of materials, whether rude or partly manu. 
Pictured — and^ fourthly, of work ready for sale, but not 
disposed of. 

The difference of opinion between M. Quesnai and Adam 
Smith, is the consequence of their different theories con- 
censing the source of wealth ; which the one places ifi agri- 
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culture, and the other in any labour which fixes and realizes 
itself in some permanent object. 

That part of the capital stock which Adam Smith deno- 
minates the circulating capital, is nearly the same with that 
which M. Quesnai calls annual advances. Both intend this 
part of the capital stock of a country to provide for die di- 
vers wants of agriculture, of manufiictures, and commerce ; 
they only difier in so far as Adam Smith admits the me- 
tallic currency of the country into the circulating capital, 
which is not mentioned by QuesnaL But the dieory of circu- 
lation, of which a metallic currency is the principal instru- 
ment, hod made but small progress at the time the French 
economists wrote, and its benefits could not easily be fi>re- 
seen ; nor its extent, resources, and results calculated. 

Dr. Smith says, that the metallic currency of a country 
forms part of her circulating capital, and is not only of no 
benefit to wealth, but even burthensome to it as an object 
of expense. Some writers on this subject imagine, that 
money operates in the same manner as other machines em- 
ployed in agriculture, manu&ctures, and commerce; and 
tends, like them, to shorten labour, and is productive of 
whatever the exchange of commodities costs, less than what 
it would have cost without the assistance of money. Of 
tills number is the earl of Lauderdale, who has treated the 
subject in a very luminous manner ; and who explains, by 
a novel and ingenious method, the operation of money in 
the interchange of the produce of labour. For his lord- 
ship's reasoning and illustrations on this subject, we must 
refer our readers to the third chapter of the " Inquiry into 
the Nature and Origin of Public Wealth." Money, says 
the noble lord, is of use to mankind in two different capa- 
cities, as an instrument of exchange, and as a pnu^cal 
standard, by which the value of all commodities is measured 
and expressed : it will be easily understood how this part of 
the national capital employed in tiiese two duties is print- 
able, when we reflect, what would be the ^fecl of withdraw- 
ing from any society, that part of the capital which is 
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employed in conducting the circulation of goods, and in 
forming a practical standard by which the value of commo- 
dities is measured ; for the moment this portion of the na- 
tional capital is abstracted from any society, the (exchange 
of those tilings which one man produces with greater ease, 
for those which another can produce with more advantage, 
must be conducted by barter. Thus, if a farmer who had 
more wheat than he wanted, and who meant the suiplus to' 
supply his family with other necessaries, wanted a pair of 
shoes, he must carry a portion to a shoemaker, in order to 
negociate an exchange, but the shoemaker is already sup- 
plied with as much wheat as he wants ; the farmer must 
then either seek another shoemaker, or ascertain what arti- 
cles of consumption the first wants, in order to make a third 
or fourth exchange before he could get his shoes. This 
singular instance, which any reader can easily conceive and 
follow into all its consequences, will explain the labour that 
must attach to every person, if the circulating capital of a 
country were obstructed, in endeavouring to supply his 
wants by parting with his own superfluities. Thus coin, 
employed as a circulating capital, has been eagerly sought 
after, not for its own sake, or for the sake of the gold and 
silver it contains, but merely on account of the labour it 
supersedes. It not only, however, requires a certain por- 
tion of labour to acquire, but also to carry about when pro- 
cured. To prevent this, various modifications of banks 
have been introduced. Hence the question, do bills of ex- 
change, paper-money in general, and public stocks, form 
capital; and if so, are they part of the Jlxed or ctrctdatifig 
capital? They seem entitled to be regarded as capital, 
because they perform the functions of capital ; on the otlier 
hand, they ought not to be regarded as capital, because 
they have no value of their own, and only represent a mort- 
gage, which itself constitutes a part of capital. Bills of 
exchange represent the merchandize which they cause to 
circulate. The mortgage of private promissory notes, con- 
sists in the moveable and immoveable goods of the debtor ; 
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and public funds or stocks have their mortgages in a par- 
ticular branch of the revenue. This merchandize, these 
luoveable and immoveable goods, and this branch of public 
revenue, constitute part of ihejixed capital, pf the circulaiing 
capital, and of the siock reserved fox immediate consump- 
tion. 

Capital stock, considered ssjlxed capital, as dt-adaling 
capital, and as capital destined for immediate consumption, 
provides for the wants of labour, contributes to its progress 
in proportion to its own increase, and always affords an 
exact measure of the progress of national wealth. There 
is a fourth employment of capital, by its bdng lent out to 
interest, either to private individuals or to the public. 
Writers on political economy are not agreed respecting 
either the utility or disadvantages of this kind d[ employ- 
ment of capital. For the various theories on the subject, 
we refer 4x> the works of Dr. Smith and M. Ganilk. 

We shall now briefly consider the various systems re- 
lating to the circulation of the produce of labour by means 
of commerce, which .is tlie only method by which nadons 
attain wealth, splendour, and power. ^^ Trade," according 
to Dr; Davenant, ^^ is the living fountain whence we draw 
all our nourishment. It disperses that blood and. those 
spirits through all the members, by which the body politic 
subsists. The price of lands, value of rents, manufactories, 
&c. rise and fall as it goes well or ill with our foreign trade.'^ 
*^ The greatness of a s^te, and the happiness of its subjects 
are," says Mr. Hume\ " generally allowed to be insepar- 
able with regard 16 commerce." M. Quesnai observes, 
« Like sale, like production." An able Italian writer on 
political economy, M. Genovesi, says, " The end of social 
economy is, 1st, increased population; 2d, wealth; 3d, na- 
tural and civil happiness; 4th, the grandeur, glory, and 
welfare of the sovereign. Of all means of attaining this 
end, there is not one more efficient than commerce, which 
avails itself of human avidity, as the most powerful pro- 
moter of all social advantages." To these testimonies in 
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Ikwur of the eireulatkm of pltxiiioei by memis of oomnr Ttce^ 
we may add that of our cornitrymfln^ Dr. Adam Smith. 
^ As it is the power of exchanging that gives occasion to 
the division of kbour, so the extant of this division must 
always bo limited by the extent of that power, or the extent 
of the market'' Hence the importance of commerce^ or 
of the drcufarfion of the produce of lidxinr. Ift this point 
all writers on pditticai economy are mianimoud; bnt with 
regard to the principle, nature^ progress, and effects of this 
beneficial circulation, opinions are very various. The 
origin of commerce is sought for, by some, in the cLvariee 
of mankind ; by others in their propensity to barter and 
eiochange one thing for another ; and by others, in Aeit 
variety. The same sort of uncertainty prevails respeictuk^ 
the laws which determiae the respective value of the pro* 
diice exchanged by commerce^ coneermng the inflnence of 
money and credit upon commerce, and concerning the' most 
useful and profitable mode of commeroe. 

Without attempting to decide upon the origin of cond* 
merce, we may observe^ that no one parts with the produce 
of his labour, and puts it into circulation, but in the expec* 
tatBon that it will procure him more food,, or greater con<- 
neniences, comforts and enjoyments: hence the farther 
circulation extends, or the larger the market, and the more 
that market offers varied productions and new enjo3rments, 
the more does labour increase in intensity And activity, the 
more is its produce multiplied, and wealth enlargped and 
aiigiMBted. The sources of the circulation of the produce 
of labour may be traced in the passion for enjoyment, in 
the efforts of commerce, and in the genius of the arts. To 
their united action commerce owes its impulse, its progress, 
mad its sueeesa. 

The value of produce is regulated by the wants of the 
consumers, and their means of supplying them ; by the 
demand for conmipdities, and their abundance and scarcity; 
by labour, 8cc Most writers on this subject are of opitHGa, 
that things have no other value than what is fixed by the 
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demand for them» and their abundance or scarcity. One 
writer observes, that the words pricey worthy value^ are le- 
lative terms, because things have no price or value but 
relatively to man: wherever there are no men, there are no 
values; but man assigns no value to things, but as he wants 
them* By another person it is said, that the sole a^ia^ 
bility of being exchanged, combined with the greater or 
smaller natural abundance of things, and with a more or 
less ardent desire to be possessed of them, forms the basis 
of what mankind denominate value. The price of things, 
according to another author, is composed of two elem^ts 
— their utility and their scarcity : of course their value in- 
creases with their scarcity, and diminishes with their plenty. 
Dr. Smith observes, ^ that the value of any commodity to 
those who possess it, and who waat to exchange it for some 
new production, is precisely equal to the quantity of labour 
which it can enable them to purchase or coomiand : when 
he infers, that labour is the real measure of the exchange- 
able value of all commodities.'' The Earl of Lauderdale 
opposes this doctrine. He maintains, that a perfect mea- 
sure of value is impossible; for as nothing can be a real 
measure of length and quality, which is subject to varia- 
tions in its own dimensions; so nothing can be a real 
measure of the value of other commodities, which is con- 
;stantly varying in its own value. But things may alter in 
their value in three different ways : 1st, in respect to dif- 
ferent periods of time ; 2d, in different countries ; Sd, in 
different parts of the same country. Labour is not only 
subject to all the usual sources of variation, but possesses 
the characteristic of varying at the same time and place : 
hence labour cannot be a standard. Money and com are 
not better calculated than labour to fix die value of things 
for distant times. As then the value experiences a rise 
and fall perfectly similar to the rise and fall of the price of 
commodities, and as this variation in theijr respective values 
proceeds from the same cause,' that is, from the pn^rtion 
of the demand to their abundance or scarcity, Uiere is no 
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difference between their values; both are alike liable to 
vary, and consequently both are alike unfit to form an in- 
variable measure of value ; so that it is the exchangeable ' 
value which ultimately gives to every producer the equiva- 
lent qf what his commodity cost to produce, and conse- 
quently secures the producers against loss. Beyond this, 
the profits on the productions of labour are unequal. This 
inequality of profits is indifferent with regard to home- 
trade : for the superiority of certain labours and emplojc- 
ments of capital cannot be of long duration, because those 
which are least favoured go over to the most favoured 
ones, and by tlieir competition re^-establish a certaui pro- 
portion between the profits of all labours and employments 
of capital. But it may be asked, is the inequality of profits 
in the exchange of home for foreign produce equally harm- 
less ? The question has been ably discussed, and decided 
affirmatively, with the observation, that there is but one 
motive that should induce a nation to prohibit the import- 
ation of the produce of other countries ; tliat is, when the 
government of our own country is so defective, that none 
of our home productions can stand a competition with 
foreign productions, even in the home market; when na^* 
tional industry is. not capable of being stimulated by the 
rivalry of foreign industry ; and when the people abandon 
themselves to sloth and misery. With this single excep- - 
tion, foreign commerce, or general circulation, is beneficialy 
useful, and profitable to all, and contributes, if not with 
equal, at least with certain, success to the progress of 
wealth. 
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CHAP. XXV. 



POLITICAL ECONOMY, Continued. ^ 

Geueni oHwarvatieot oa the mcreantile syttenu*** liemy.-.- Tua on 
|he rent of ImuL -^Od the wagen of labour. •— On consiuoahle com- 
modities. — Various systems concerniog national income and expen- 
diture. — Population. — Dr. &nith*8 theory. — Malthus's Essay on 
Population. — Progress of Population. — IVMes. — Brief notiees on 
other topics of Political Qconomy. -m Method of studying ti» fO^Qeol. 

1 H£ fttndaoi^ital principle of what is called tba mercan^ 
tile syitem is» that wealth consists in money^ ia ffoUi and 
silver. The facility of exchanging these metals for any 
ether commodi^, the habit thence denned of eakidating 
the wealth belonging to eadi individual, hi^ made this a 
natural as ^ell as a g^ieral errow^ 

The exchange of one thing for another of equal wdue^ is 
essential to the supply of the varied wai^ of man. Thus 
it is, that moR) while merely consulting their own intasests, 
minister to each other^s necessities. It is,, however^ 9t* 
tended with an obvious inconvenience. A man may hav« 
goods to exchange, which do not suit his neighbour. The 
farmer has a sheep, and is in want of cloth, but the cloth 
manu&cturer may not be in want of mutton ; hence the 
necessity of finding some commodity which may be at all 
times in demand, and which every one may be ready to 
receive in exchange for every other article. This com- 
modity ought to possess some quality which may render it 
an object of universal estimation. It ought also to possess 



Digitized 



by Google 



MONEY, AS A CAPITAL. 503 

considerable value in a small compass, so as to be portaUe : 
it ought to bo divisible into the smallest portiops, and it 
ought to be durable, so as to be capable of being treasured 
iip till wanted. These qualities are united in the precious 
metals, and therefore they are better suited than any other 
commodity, for being the standard value and medium of 
exchange, and all nations have sooner or later had recourse 
to them for this purpose. Hence we may consider money as 
the universal merchandize, that is, the merchandize which, 
on account of the smallness of its volume, renders it easy of 
transportation ; and on account of its divisibility and incor- 
ruptibility, is universally acceptable, and taken in exchange 
for any other merchandize. 

" In all civilized nations," says Dr. Smith, ^^ money has 
become the universal instrument of commerce, by the inter- 
vention of which, goods, of all kinds are bought and sold, 
or exchanged for one another." Reduced to its true nature, 
that is, considered as a preferred commodity, and as sucIt, 
as a general instrument of commerce, money has been re- 
leased from that dependent and arbitary state to which it 
had been too frequentiy exposed, and is safe against all 
' financial and fiscal operations. As a produce of labour, 
money has aft exchangeable value, which, like every thing 
else, is determined by the demzUid for it, and by its abun- 
dance or scarcity. As a pre^rred commodity, it has a higher 
exchangeable value, for which it is indebted merely to the 
nature of the metals of t^hich it is com})0'sed. Public 
atrthorft^, which by its stariip, confers upoft it the dtrtf-actet 
of legd money, adds nothii^ to its valufe, and cari giv^ h . 
no other value than \frhat c6mmerte confers upon it. 

In one view money is a fixed, and in another a circulating 
capital. To the individual it stands in the latter capacity ; 
for no on6 receives money uiiless for the purpose of soonet 
or latet exchanging it for sorii6thing else. To the nation 
it is( fi fixed capital, not rfestine<l fof consufnption, but 
merdy an instrument for transacting business with greater 
facility and advantage. As the facility of exchanging the 
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precious metals for every other commodity, renders tiie 
demand for them constant and universal, their price depends 
almost whoHy on the supply. Therefore, although the 
functions of money, like those of oUier fixed capitals, be 
most essential to the maintenance of trade, yet if any less 
costly substitute can be found, by which the same functions 
can equally well be performed, the public is a decided gainer. 
Such a substitute is in fact paper-money ; by employing 
which a nation saves the expense of gold and silver, and 
at the same time obtains all the commercial advantages 
which money could efiFect- It is even in some respects 
more convenient, as being more easily transportable, and 
less liable to accident. There are, however, very extraor- 
dinary dangers attending the excessive and incautious use 
of this instrument; and no cause perhaps has been pro- 
ductive of more signal commercial disasters. The apparent 
facility of thus creating wealth, as it were, tempts banks 
and other public bodies to an excessive issue of it. The 
circulation of the country, however, can absorb only a cer- 
tain quantity ; and as soon as that is thrown in, it imme- 
diately returns upon the issuer, in a quantity for which he 
is probably unprepared : and the instant he shews the least 
hesitation in discharging the demand, the whole rushes in, 
and bankruptcy and ruin ensue. Where the paper has 
been issued by government, payment may be refused ; but 
in this case an immediate depreciation takes place in the 
value of tlie notes, and a deep injury is sust^ed by all who 
are possessed of them. From this cause it was that the 
French assignats, in the early part of the Revolution, fell 
so far below their original value, as scarcely to be worth the 
paper of which they were formed. There may, however, 
be peculiar circumstances which produce a scarcity of 
money, and in which a temporary suspension of payment 
may become necessary, aud with due caution, may be 
productive of no very alarming and serious consequences ; 
such, in truth, was the case with the bank of England in 
1797. 
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Banks, however,' ought not to advance to merchants the 
whole capital on which tliey trade, but only that part of it 
which they would otherwise be obliged to keep by them for 
the purpose of answering occasional demands. This they 
do only in two ways, unless they themselves become spe- 
culators, from which they should be restrained : 1. By dis- 
counting bills. 2. By granting what are called in Scotland 
cash-accounts: that is, two persons of, or of supposed 
respectable property, become responsible to tlie extent of a 
certain sum, and the merchant is allowed to draw to the 
extent of that sum. Merchants, do not, it is well known, 
content themselves with this limited degree of assistance: 
they too frequently carry on extensive speculations merely 
on paper money. For this purpose they draw fictitious 
bills for the. mere purpose of having them discounted ; and 
by drawing a second before the first becomes due, they 
delay still &rther the repayment of the original advance. 
Banks should always, if possible, avoid discounting fictitious 
bills : and should take care, in cash accounts, that the ad- 
vances and repayments nearly keep pace with each other : 
in this case there can be na great danger of an over issue 
of notes. 

Having been led to say thus much on money, on which 
we might easily fill many chapters, instead of a page or 
two, we may proceed to observe, that, to export much^ and 
to ifnpot't little, has, according to the mercantile system, 
been thought the great means of enriching a nation. The 
difference between exports and imports was called the 
balance of trade, and considered as the grand criterion of 
commercial prosperity. If the exports exceeded the im- 
ports, it was called a favourable balance ; if, on the contrary, 
an unfiivourable balance. To accord with this theory, every 
expedient was adopted which might diminish importation, 
and encourage exportation in general, and particularly in 
regard to those countries with whom the balance was un-* 
favourable. Hence arose: 

I. Restrictions upon the intercourse with a particular 
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country) which is supposed to have a balance against us. 
These> however, are unreasonable : for if we get commo- 
dities cheaper from that nation, and sell ours to greater 
advantage, the balance will, on the whoIe> be more in our 
favour than if we carried on similar transactions with any 
other nation. 

^. The whole idea of the balance of trade is how gene- 
rally regarded as chimerical. By every exchange which 
takes place with a foreign country, the nation gains as well 
as the individual ; nor does it make the smallest difference 
whether good^ or money be received in return. As the 
principle of the mercantile system naturally leads to the 
supposition, that whatever is gained by one nation is lost 
to another, It generally leads to violent commercial jealousies 
between neighbouring countries. It also, through igno- 
rance, happens, that the nearer the commercial countries are 
to each other, the more are restrictions and probibitions mul- 
dplied : whereas, in truth, the nearer to each otlier, the more 
advantageous is their trade. It approaches the more nearly 
to the borne trade, in the quidcness of its returns, and can be 
carried an with a smaller capital. The plan, therefore, of 
making our neighbours as poor as possible, is completely 
unwise. The richer they are, the better customers they 
are likely to become, and the greater benefit we shall pro- 
bably derive from their trade. With regard to the subject 
of restramts upon importation, ^^ and encouragements to 
exportation, — of Ctfrn Laws, — • of exclusTv6 companies, 
and of Cbionial Policy^ we must refer to Dr. Smith's Wealth 
of Naticns, and we shall proceed td some observations on 
the Poblic Bevknue. 

As the whole socicSty deri vesfrom government its protection 
agaiDBtevib internal and external, the regrtlar administration 
of justice^ mid a variety of other benefits, without which 
it could not subsist, it is^ perfectly eqiritable that each i'fi- 
dmduai, iapropoition to his means, should cotiti-ibute to the 
extent which is necessary for fulfHSng these different objects. 
R«g«lar goprei^ment b eren indispensable to the prdduc- 
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tion of public wealth, as it alone affords that security of 
property which is the life of industry. In this view the 
officers of gov^nment cannot be considered as unproduc- 
tive laboureifiiy but might more properly be regarded as 
part of the fixed capital of the country. 

With respect to ^axes^ raised for the suppoit of govern* 
nien^ there are four circumstances, which ought, as fiur as 
possible, to be kept constantly in view, and the observance 
of which forms the criterion of the jHropriety or impropriety 
of eoch particular tax. 1. They ought to &I1 as equally as 
possible on every member of the society, in prop<»tion to 
his means of contribution. For as all derive equal benefits 
from the establishment of regular govemm^it, all ought to 
contribute equally for its support. It should however be 
observed, that the rich not only should contribute mcnre^ 
but in greater proportion, than the poor; as the greater 
part of their expenditure is on luxuries, they can retrench 
a part of it much better than those who, to pay the tax, 
must be deprived of some of the necessaries of life. 2. The 
sum paid by each person ought to be fixed, and not left to 
the arbitraiy appointment of the collecting officers, whether 
of low or high degree. S» A tax ought to be payable at 
the time when a man can b^ afford it. 4. In proportion 
to what it brings into the treasury, it ought to take as 
little as possible from the people, that is, the expense of 
collection ought to be as moderate as possiUe. 

The rent of land has always been considered as a proper 
object of taxation ; it comes to the possessors without caare 
or trouble, and it depends more than any other source of 
income on the protection of government Hie rent of 
houses is of a very different nature. Housea are produced 
by art ; and as the builder must have his profit, the rent 
iirill be raised in consequence of the tax. The rise, ho«i-. 
ever, does not take place immediately, because houses are 
so durable, that for some time there will be no diimnution 
of the supply, the rent will continue the same, and the loss 
will fidi OB the proprietor. As, however, a certBAnumber 
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of houses fall to ruins, builders will not continue their 
business without adequate profits ; of course the rents will 
rise to their proper level. Taxes are sometimes imposed, 
not on rent, but on the produce of land ; suck are tiAes^ 
which are extremely pernicious, as they discourage inr 
dustry ; and hence it would be of great public advantage, 
if tithes were commuted for an annual sum, as it would, in 
that case, be completely and entirely the interest of the 
fiirmer to raise as much produce as possible. 

The French economists contend, that all taxes ultimately 
fall on the rent of land, and therefore they say that they 
should be laid directly upon that, because they assume that 
taxes cannot fall either upon the profits of stock, or the 
wages of labour, which however does not seem to be the 
case. For the profits of stock may be divided into three 
parts, thejfrs^ is equal to the market rate (finteresty that is, 
what any one would be willing to give for the mere use of 
the stock ; — the second is the compensation for the risk in- 
curred ; — the third is a compensation for the trouble of 
carrying on the business. Of these the la^ seems to 
belong to the wages of labour : the second is certainly not 
taxable, because a man would rather not employ his stock 
at all than not receive a full compensation for the risk he 
runs in so doing. The^r^, which alone ought, perhaps, 
to be considered as the profits of stock, is almost to it^ 
whole extent, completely taxable. Although, out of^t;^ 
per cent, government should seize xx^nfour^ it would stili 
remain the interest of the capitalist to lend, or employ his 
stock, rather than lose the remaining one. After all, the 
profits of stock are less a subject of taxation, than the rent 
of land, because they are not so easily ascertamed. The 
capital from which they have been derived has been accu- 
mulated by industry and frugality ; and it is the interest o£ 
the public to encourage this accumulation. 

Ta^es on the 'mages of labour. Dr. Smith says, that no. 
tax can fall upon the wages of labour : that wdges would, 
in consequence of such taxes, instantly rise ; and that the 
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only tSect would be a rise in the price of every species of 
produce. To which it has been replied, that a tax on the 
wages of labour has no tendency to increase the funds for 
the maintenance of labour, but to diminish them. The 
supply and demand will be the same. The only way in 
which such taxes can raise the price of labour, is by dimi- 
nishing the supply of it, that is, the population, which in 
time it is likely to do. Such taxes are therefore oppressive 
and ought to be avoided. 

A well regulated Income Tax is, in many respects, the 
most equal which can be imposed. It fails upon every man 
according to his ability ; and the expense of collection is 
small : but it is liable to many serious objections : it de- 
mands a disclosure of private circumstances, and it affords 
much room for evasion. The advantages and disadvan- 
tages attending an Income Tax, are well argued in the New 
Annual Register, for the year 1815. 

Of all taxes, those on CtmsumaUe Commodities are the 
least felt; being paid directly by the merchant, they are 
felt only in the increased price of the goods, which every 
one has the power of paying or not as he chooses. But no 
taxes take more out of the pockets of individuals, in pro- 
portion to what they put into that of government The 
tax being advanced by the merchant, he expects not only 
to have it repaid him in the price of his goods, but to have 
it repaid with a profit. Such taxes may be laid either on 
the necessaries or luxuries of life : the former are avoided 
as much as possible by all wise legislators, as oppressive, 
falling chiefly on the poor, and having a tendency to raise 
the wages of labour. 

Of the various systems concerning national income and con- 
sumption* All systems of political economy agree in making 
national income to consist in the produce of annual labour. 
The spontaneous productions of the soil, of mines, and of 
the waters, are not very considerable, and moreover re- 
quire a certain portion of labour to be brought to market. 
Income is either private or public. The produce of general 
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labocrr, whether in the hands of individnals, where it forms 
private income, or diffused all over the country in the shape 
of national income, is partly consumed by the producer, 
and partly exchanged with the view of consumption. If 
the produce, consumed in the place where it was produced, 
be abundant, its plenty contributes alike to public and 
private wealth ; but if that produce be rare, its scarcity im- 
poverishes the individual and the public With regani to 
the produce exchanged by the producers, if the exchange 
take place with a foreign country, its abundance turns it to 
the benefit of the foreigners, who purchase it with the same 
values which they used to give for it, unless the foreign 
country should have been &voured with a like abundance 
in its own produce ; because in that case plenty is equallj' 
beneficial to the foreigners and natives, and in both cases 
private and public wealth remain the same. But if the 
produce exchanged with the foreign country be scarce, -the 
foreigners are sufferers by this scarcity. Finally, if the 
exchange of national produce take place at home, its plenty 
l)ecomes beneficial to the consumers, without loss^ to the 
producers, because the latter always receive the same value 
which they usually received from the consiuners. But in 
case of scarcity, the loss is to the consumer, yet without any 
benefit to the producer, because tlie consumer can only 
^ve him the usual value : therefore in both cases thei^ is 
neither loss nor profit for private and public wealth. Bat 
when the abundance or scarcity is excessive and extraor- 
dinary, it is more or less fatal to the producer or consumer, 
still without effecting any difference between public and 
private wealth, because what the one loses, the other guns ; 
and public wealth, which consists of individual riches, ex- 
periences no change from the loss of the producers and the 
gain of the consumers. It seems to be of great importance 
that governments should be fully convinced of the identity 
of public and private wealth, because it is on this truth 
that the maintenance of social order, the progress of public 
wealth, and the melioration of mankind do, in a great 
measure, depend. 
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The produce of annud liibour, whether considered as 
private or national income, 19 distributed in the shape of 
wages of labour, profit of stock, or roit of land; and the 
distribution is regulated by the progressive, stationary, or 
retrogriMle state of national wealth. When wealth is pro- 
gressive, more produce of the annual labour is distributed 
in wages of labour, profit of stock, and rent of land : when 
it is stationary, a smaller quantity of that produce goes to 
the laboujr^s as wages, and to the landliolders as rent ; and 
the profit of stock remains as before ; but when it is retror 
grade, the wages of labour sink so low, that tHey are scarcely 
adequate to supply the most urgenik wants of the labourers; 
rents also suffer a considerable diminution, but the profits 
of stock experience a rise corresponding with the decline of 
national wealth. 

Consumption bears a necessary and imlispensable pro- 
portion to the national income, but that proportion has not 
yet he&x invariably fixed. The French economists think 
that consun^>tion ought to be equal to the income, and 
they allow no ec<»omy but in that part of the annual income 
reserved lor the land*owners as the net produce of their 
lands. But, according to Dr. Smith, consumption ought 
to be inferior to income, and it is on the surplus of income 
that he chiefly fi>unds the progress of national wealth; and 
be assumes that parsimony, and not industry, is the imme- 
diate cause of the increase of capital. There are some au- 
thors who condemn economy ; who regard consumption as 
the measure of reproduction : and maintain that the people 
are the richer the more they spend, whence luxury would 
become the most powerful sprmg of wealth. When an 
individual consumes more than Iiis income, the surplus 
must be taken from his capital, which is gradually dimi« 
nbhing, and the diminution of the capital diminishes his 
income in the same proportion : and if he go on upon this 
plan, the time will come when that individual, iiaving neither 
income nor capital left, will be obliged to labour for his 
subsistence^ or to be indebted for his maintenance to public 
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charity. What is true of one individual^ is equally so of 
several, and even of a whole nation, and the excess of con- 
sumption above income may therefore occasion the ruin of 
nations, as it does the misery of individuals. It was so 
understood among the ancients, who not only recommended 
economy, but honoured parsimony very highly, and imputed 
to luxury the decay of morals, the loss of private fortunes, 
and the ruin of the state. A distinction ought, however, 
to be made between individuals and the state ; for though 
the expenditure of individuals should absorb their income, 
it may, so far from being prejudicial to national wealth, 
even contribute to its increase. The desire of comforts, 
the love of pleasure, &c. are powerful incitements to labour 
and induce the labourer to multiply the produce of his la- 
bour ; and in that case he labours more in proportion as he 
consumes more, and he becomes richer as his expenses are 
more considerable. In this particular instance those are 
right who praise luxury, and attribute to it a large share, 
in the increase of wealth, and also in the civilization of in- 
dividuals and nations ; but neither individuals nor nations 
can enjoy a solid and permanent prosperity, unless when 
private and public consumption does not absorb the general 
income, and when the surplus produce that is annually ac- 
cumulated, goes to augmient the sum of labour, raise the 
wages of labourers, increase population, develope industry, 
multiply wealth, and place public power on the immoveable 
basis of population and wealth. 

We may farther observe, that after the produce of the 
annual labour of every country has been reduced to its true 
value by its interchange with the produce of all countries, 
it has no longer any influence upon wealth, but with regard 
to its distribution and consumption. The national produce 
is distributed to the land-owners in the shape of rents ; to 
the capitalists as profits of stock ; and to all who participate 
directly or indirectly in labour, in the shape of wages. 
This distribution is more or less favourable to the prc^ess 
of public and private wealth, according as stipulations in 

7 
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all private contracts are more or less free. All measures 
that alter the direction of this distribution, and infringe 
upon its natural proportions, oppose more or less obstacles 
to wealth, and may even prove fatal ^to its existence. In- 
dependently of the distribution of the produce of labour to 
the land*owners, the capitalists, and the labourers, a part 
must be taken from this produce for government, and the 
servants of the state, which also has a considerable influehce 
upon wealth. The consumption of the produce allotted to 
each individual, by the rents of land, the profits of stock, 
and the wages of labour, is subject to two laws: 1. The 
consumption of the annual produce must be inferior to the 
total quantity of that produce. A part should be saved for 
the increase of the capital stock ; for unforeseen wants ; and 
a progressive population. This economy acts as a safeguard 
against the blasts of fortune, and is a certain pledge of 
grandeur and prosperity : and so long as the consumption 
of public and private revenue does not absorb the whole 
produce of general labour, wealth is progressive, nations 
prosper, and are, in truth, advancing to the highest degree 
of power and splendour. 2. Consumption is more or less 
useful to the progress of wealth, according as it is or is not 
directed to solid and lasting enjoyments. 

To conclude in the words of Mr. Ganilk : *• In the eco- 
nomical system of modern nations, general labour is the 
spring of wealth, and general economy the only way of in- 
creasing the funds and the resources of labour ; of deve- 
loping its power, its &culties, and its genius; and of giving 
it a constant and unlimited progression. The general in- 
terchange of the produce of labour, by affording to the 
labouring classes new, varied, and inexhaustible enjoyments, 
stimulates their activity, excites their industry, encourages 
their efibrts, and raises them to the highest degree of energy 
and industry, and the extent of a more or less beneficial 
consumption of the whole productions extends or narrows 
the bounds of wealth and opulence. 

VOL. II. L L 
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^* Wealth, in the modem system of political economy, is 
the work of all men, of all nations, and^ as it were, of the 
whole human race; the reward of all individual, efforts; 
and the end of private and general ambition. When all 
are rushing to the same end, the rights of all are respected, | 
the interests of all attendee! to, and the .conveniences of all i 
consulted. All advance by the side of each, without el* I 
bowing, without injuring, without crushing each other. 
All are benefited by their reciprocal efforts, and all owe . 
their successes to their general co-operation. To this ad- 
mirable system, civilization is indebted for its pn^^ress ; 
and when better understood, it will prove its most vi^lant 
safeguard, and its firmest support." 

Although we cannot treat upon half the subjects con- 
nected with political economy, yet we must not entirely 
pass over that of population^ which is extremely interesting 
to individuals as well as states. The increase and dinunu- ' 
don of the members of a country has always been thought 
an object deserving the attention of governments, though t 
on this subject vezy different theories have been formed. 
Some ancient nations adopted regulations to prevent the in- 
crease of the number of their inhabitants; but in modem 
times it has been generally thought the part of wise policy 
to encourage population, as essential to the strength and 
prosperity of a state. Positive r^rulations against an in- 
crease of population are always nugatory, it beings most 
unquestionably, limited, in every country, by the means of 
subsistence ; and if it ever pass this barrier it must in a 
short time be restored to its proper level. So long as there 
is a facility of subsistence, the people will be encouraged to 
early marriage, and of course to the increaae of the na- 
tional stock of inhabitants. On this subject, Di*. Smith, in 
explaining the causes which proportion the reward of la- 
bour to the extent of the funds for its support, says, *< It 
is in this manner that the demand for men, like that of any 
other commodity, necessarily r^ulates the projluction of 
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men, quickens it when it goes on too slowly, and stops 
when it advances too fast. It is this demand which regu- 
lates and determines the state of population in all the dif- 
ferent countries of the world — in North America, iii 
Europe, and in China ; which renders it rapidly progres- 
sive in the first, slow and gradual in the second, altogether 
stationary in the last.*' A similar difierence has been per- 
ceivable in the different states of Europe, at the same 
period of time, and in the same state, in different periods; 
As men cannot live without food ; it will be readily ad- 
mitted that these variations in the rate of population must 
have been universally preceded and accompanied by varia- 
tions in the means of maintaining labourers, on which the 
demand must depend. 

It is no less certain, that the actual increase of the funds 
for the muntenance of labour does not depend simply upon 
the physical capacity of a country to produce food and 
other necessaries, but upon the degree of industry, intelli- 
gence^ and activity, with which these powers are at any 
particular period called forth. Thus we have seen or heard 
of countries possessing every requisite for producing the 
necessaries and conveniences of life in abundance, sunk in 
a state of ignorance and indolence from the vices of their 
governments, or the unfortunate constitution of their so- 
ciety, and continuing on for ages, with scarcely any increase 
in the means of subsistence, till some fortunate event intro- 
duces a better order of things ; and then the industry of 
the nation being roused, and allowed to exert itself with 
more freedom, more ample funds for the maintenance of 
labour are immediately provided, and population is seen to 
make a sudden start forwards, at a rate wholly different 
from that at which it had before proceeded. An instance 
of this Jdnd has been produced with regard to Russia, the 
population of which, though early inhabited, was so ex- 
tremely low before the beginning of the last century, and' 
has proceeded with such rapidity since the reigns of Peter 
the Great and Catharine II. It has also been noticed in 
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the review of the history of nations, that the waste of pecv 
pie occasioned by the great plagues, famines, and other 
devastations, to which the human race has been occasion- 
ally subject, has been repaired in a much shorter time than 
it would have been, if the population, after these devast- 
ations, had only proceeded at the same rate as before. 
From which circumstance it is obvious, that after the void 
thus occasioned, it must have increased much fiister than 
usual; and the greater abundance of the funds for the 
maintenance of labour, which would be left to the sur- 
vivors, indicates th^ usual conjunction of a rapid increase 
of the funds for its maintenance. 

It is certain that the greater the number of persons any 
country contains, the greater are the means it possesses of 
carrying on agriculture, manufisurtures, and commerce; and 
likewise of defending itself against any hostile attempts of 
other states; a high degree .of population has therefore 
been generally considered as conducive to national pro- 
sperity and security, and almost every modem writer on 
political economy has assumed an increasii^ population as 
one of the principal objects which the internal r^ulations 
of a country should be calculated to promote. Mr. Mal- 
thus, in his ^< Essay on the Principle of Population,'' has 
taken a different view of the subject. He has endeavoured 
to show that population invariably increases where the 
means of subsistence increase, unless prevented by some 
very powerful and obvious checks. He goes farther, and 
lays it down almost as an axiom, that there is a constant 
tendency in all animated life to increase beyond the nou- 
rishment prepared for it, and he traces to this source a 
very considerable portion of the vice and misery, and of 
that unequal distribution of the bounties of nature^ which 
it has been the object of the philanthropist in all ages to 
correct To place the subject in a different point of view^ 
we may endeavour to ascertain what would be the natural 
increase of population, if left to itself with perfect freedom. 
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and what might be expected to be the rate of increase in 
the productions of the earth under the most favourable cir- 
cumstances of human industry. In some of the northern 
states of America, in which the means of subsistence have 
been more ample, and the checks to early marriages fewer, 
than in any of the modem states of Eurc^pe, the population 
lias been found to double itself for several successive periods 
every tWenty-five years. In the back settlements this was 
effected in fifteen years. Sir William Petty supposed it 
possible that population might be doubled in ten years. 
Mr. Malthus takes the lowest of these rates of increase, 
and assumes, that population,- when unchecked, goes on 
doubling itself every twenty-five years, or that it increases 
in a geometrical ratio. The rate according to which the 
productions of the earth may be supposed to increase, is 
not so easily determined ; but when acre has been added 
to acre, till all the fertile land is occupied, the yearly in- 
crease of food must depend upon the melioration of the 
land already in cultivation ; and Mr. Malthus shows, that, 
on this supposition, the means of subsistence, under cir- 
cumstances the most favourable to human industry, could 
not possibly be made to increase faster than in an arithmetical 
ratio. He then points out the necessary effects of these 
two different rates of increase, and observes, that taking 
the whole earth, by which means emigration is put out of 
the question, and supposing the present population equal 
to a thousand millions, the human species would increase 
as the numbers 1, 2, 4>, 8, 16, 32, 64, 128, 256, and isnb- 
sistence as 1, 2, 3, 4, 5, 6, 7, 8, 9. Hence, in two centu^ 
ries, the population would be to the means of subsistence 
as 256 to 9 ; in three centuries, as 4096 to 13 ; and in two 
thousand years the difierence would be almost incalculable. 
Upon this supposition, no limits whatever are placed to 
the produce of the earth; it may increase for ever, and be 
greater than any assignable quantity; but the power of 
population being in every period so much superior, the in- 
crease of the human species can only be kept down to tlie 
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level of the means of subsistence, by the constant operation 
of some powerful check. 

From what has been said, it appears, 1. That man, like 
all other animals, multiplies in proportion to the means of 
subsistence which are placed within his reach, 2. That 
there is a power of increase in the human race, much 
:greater than is generally exercised, always ready to exert 
itself as soon as it finds an opening, and appearing con- 
tinually in sudden starts of population, whenever the fimds 
for the main^nance of labour have experienced an increase, 
in whatever way this may have been occasioned* 3. That 
:this power of increase is so great, and, in its nature, neces- 
,sarily so different from any increase, which can result from 
adding together different portions of a limited quantity of 
.land, or gradually improving the cultivation of the whole^ 
that the funds for the maintenance of labour cannot, under 
.any system, the most favourable to human industry, be 
made permanently to keep pace with such an increase of 
population as has been observed to take place for short 
. periods in particular countries ; and, consequently, as man 
cannot live without food, that the superior power of popu- 
lation cannot be kept on a level with the funds which are 
to support it, without the almost constant operation of con- 
sidenible checks of one kind or other. These checks, ac- 
cording to Mr. Malthus, are all resolved into moral re- 
straint, vice, and misery, .which may be divided into two 
general classes, viz. those which operate in preventing the 
birth of a population that cannot be supported,^ and those 
v^hich destroy it after it has been brought into existence ; 
or^ as they arc denominated by Mr. Malthus, the prevent 
tive checks, and the positive checks. The determination to 
defer or decline matrimony from a consideration of tlie in- 
conveniences to which a large portion of the community 
would subject themselves by pursuing the dictates of na- 
ture, Mr. Malthus denominates the preventive check : and 
whatever contributes to shorten the natural duration of 
human life ; as extreme poverty, bad nursing of children, 
excesses of all kinds, the whole train of common diseases 
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and epidemicsy wars, pestilence, plague, and fiimine are the 
positive ch^dLS to population. 

The necessary and constant effect 6f some checks to 
population being fully established, and these checks being 
diyisible Into the classes above-mentioned, we cannot for a 
moment hesitate in determining which of them we should 
wish to see piit in operati<m ; and it follows, that in order 
to improve the condition of the lower classes of society, to 
make them suffer less under any diminution of the funds 
for thci recompence of labour, and enjoy more under any 
actual state of these funds, every attempt should be made 
to discourage helpless and improvident habits, and to raise 
them as much as possible to a sense of the dignity of their 
nature. The causes which chiefly tend to foster helpless, 
indolent, and improvident habits among the lower classes, 
are despotism and ignorance, and whatever increases their 
dependence, and weakens the motives to personal exertion. 
Whereas the causes which principally t^d to promote 
habits of industry and prudence, are good government and 
good education, and whatever has a tendency to increase 
their independence and respectaUUty. Wherever the re- 
gisters of a country indicate great mortality, and the 
general prevalence of the check arising from disease 
and death, over the check arising frt)m prudential habits, 
there we find the people debased by oppression, and sunk 
in ignorance and indolence. On the other hand, wherever 
the registers of a country indicate a small mortality, and 
the prevalence of the check from prudential habits above 
that fi*om premature mortality ; there we as constanUy find 
security of property established : some degree of intelli- 
gence and knowledge, with a certain taste for cleanliness 
and comforts. 

Mr. Malthus thinks the efiect of our poor laws, is to 
encourage marriage between persons who have no prospect 
of providing for the presumptive issue of marriage. Thus, 
he adds, these laws create mouths, but are perfecdy incom- 
petent to proidde food for them; instead of raising the real 
price of labour, by increasing the demand for labourers, 
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they tend to overstock the market, to reduce the demand, 
and diminish the value. They raise the price of provisions 
by increasing the consumption, and by supplying the paro- 
chial pensioners with the means of obtaining them* He 
shows, that in a moral point of view the effects of the poor 
laws are equally injurious to the best interests of society : 
he is not, however, an advocate for their immediate and 
abrupt abolition : he suggests what will 'answer the end, 
vix. a gradual abolition of them, by proposing that no 
child bom from any marriage taking place after the expir- 
ation of a year from the date of the law, and no illegitimate 
child bom two years from the same date, should be entitied 
to parish assistance. This, he thinks, would operate as a 
fair notice, which no man could mistake ; and without 
. pressing hard upon any individual, would at onoe thitiw off 
tile rising generation from that wretched dependence upon 
the government and the wealthy, the evil consequences of 
which are almost incalculable. 

Although the good intentions of Mr. Maltbus are dearly 
evident in every page of his work, we are not prepared to 
follow hun in all his theories ; in endeavouring to avoid one 
extreme, he has probably fallen into its opposite. The 
system of Providence, with respect to the increase of the 
population does not seem to us liable to such objections as 
must present themselves to every reflecting person, on the 
careful pemsal of the Essay on Population. Besides, ad- 
mitting that the parish funds were shut up fit>m the poor, 
and the public benevolence were restrained by a fixed and 
undeviating law; no act of the legislature could blunt the 
feelings of individuals •^ private benevolence would un- 
doubtedly be extended in proportion as public charity was 
witiidravm. 

Mr. Malthus lays it down as a fundamental maxim, that in 
any efforts which we may make to improve the condition of 
the lower classes of society, we must not, on any account, do 
any thing which tends directlj* to encourage marriage. He 
adds, that « the precise reason why I think that more children 
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ought not to be born than the country can support, is, that 
the greatest possible number of those that are bom may be 
supported. We cannot, in the nature of things, assist the 
poor, in any way, without enabling them to rear up to 
manhood a greater number of their children. But this is 
of all other things the most desirable, both with regard to 
individuals and the public. Every loss of a child, from the 
consequences of poverty, must evidently be preceded and 
accompanied by great misery to individuals : and with re- 
spect to the public, every child that dies under ten years of 
age, is a loss to the nation of all that has been expended in 
its subsistence till that period. Consequently, in every 
point of view, a decrease of mortality, at all ages, is what 
we ought to aim at We cannot, however, effect this ob- 
ject, without first crowding the population, in some degree^ 
by making more children grow up to manhood ; but we 
shall do no harm, in this respect, if at the same time^ we 
can impress these children with the idea that, to possess the 
same advantages as their parents, they must defer marriage 
till they have a fair prospect of being able to maintain a 
&mily. If we cannot do this, all our former efforts will 
have b^en thrown away. It is not in the nature of things, 
that any. permanent and general improvement in the con- 
dition of the poor can be effected without an increase in the 
preventive check ; and unless that take place, either with 
or without our efforts, every thing that is done for the poor 
must be temporary and partial ; a diminution of mortality, 
at present, will be balanced by an increase of mortality in 
future; and the improvement of their condition in one 
place, will proportionally depress it in another. This is a 
truth so important, and so little understood, that it can 
scarcely be too often insisted upon." 

The progress of the population of the world, and its pre- 
sent total amount, cannot be ascertained with much pre- 
cision, as there are no sufficient grounds on which such a 
computation Can be formed. Sir W. Petty, in 1682, stated 
the population of the world at only 320 millions^ Other 
writers have estimated it much higher ; some, indeed, have 

Digitized by VjOOQIC 



522 



POLITICAL ECONOMY. 



gone so fiu* as to suppose there were at least 1000 nuUions 
of inhabitants on the earth : and the late Mr. J. J. Grellier 
says, a strong presumption that the inhabitants of the earth 
at present (1801) exceed considerably a thousand miUions, 
arises from the circumstance, that, in almost every country 
where the people have been numbered, or sufficient data 
obtained for computing their number, it has been ibund 
considerably grieater than it had been previously supposed. 
In Great Britain, for instance^ the most correct estimates 
previously to 1801, did not make the population exceed 
seven or ei^ht millions: whereas, by the enumeration in 
that year, it appeared to amount to nearly eleven millions ; 
and, as will be seen hereafter, in 181 1, to more than twelve 
millions and a half. The population of France was estim- 
ated by M. Susmilch at sixteen millions, others supposed 
it to be eighteen, twenty, and twenty-four miUions;' but at 
the commencement of the revolution in i 789, it appeared, 
from the returns of the births and burials, to contain thirty 
millions of inhabitants. 

The following table, containing the number t>f inhabit- 
ants in each European country, and also the population of 
its chief cities, jirill, though it be only an approximation to 
the truth, afford a comparative view of the present popula- 
tion of the European states, and of their respective ci^itals: 



Countries. 


Populatk>n. 


Capitals. 


Population. 


British DominioiMyiiuT 

eluding Ireland . j 

Denmark and Norway - 


15,396,650 


London - 


1,050^000 


2,750,000 


Copenhagen 


90^000 


Swffden - • .•- 


S,000,000 


Stockholm - 


7^000 


Russia 


36,000,000 


St. Petenburgh 


180,000 




20,000,000 


Viettna 


224,550 


Prussia - . 


5,S0O,OOO 


BerUn 


150,000 


Germany 


24,000,000 


Fhmkfoit on the Mayne 


40,000 


HoUaad 


2,220,000 


Amsterdam 


21^000 


Frsnccy including the ) 
Netherlands -/ 


36,345,000 


Paris 


547,756 


Spain 


10^351,000 


Msdrid 


147,540 


Portugal 


2,550,000 


Lisbon 


200,000 


Switzerland 


1,800,000 


B«me 


13,000 


Italy 


12,000^000 


Rome - - - 


180,000 


Turkey - - 
Total 


8,500,000 


Constantinople 

Total 


400,000 


179,112,650 


3,509,846 
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The population of Great Britain was very long a sub- 
ject of great uncertainty, both with respect to the actual 
number of inhabitants and their increase or diminution; it 
became the subject of frequent controversy among writers 
on the internal policy and strength of the country, till it 
was at length, in a measure, set at rest by an act of par- 
liament, passed on the 31st of December, 1800, which 
directed a general enumeration of houses and families, and 
persons, to be made on the tenth of the following March, 
and in Scotland, on account of the coldness of the climate, 
as soon as possible after that day. The result was, that 
Great Britain contained a population of nearly eleven 
millions. 

The islands of Guernsey, Jersey, Alderney, and Sark ; 
the Scilly islands, and the Isle of Man, were not included 
in this enumeration ; the total population of these islands 
has been usually reckoned at about 80,000. llie number 
of houses in Ireland has been nearly ascertained by^e 
collection of a hearth money tax, from whence it has been 
computed, that the population of that island exceeds fpur 
millions of persons ; therefore, with a moderate allowance 
for those places from which no returns were received, an4 
for some omissions in others, the total population of the 
united kingdom of Great Britain and Ireland, amounted, in 
1801, to more than fifteen millions. At the commence- 
ment of the preceding century. Dr. Davenant published an 
account of the number of houses in England and Wales, 
taken in the year 1690, and a comparison of them shows 
an increase from 1690 to 1801 of 261,708 houses, which 
makes an increase of the population equal to nearly a mil- 
lion and a half of people. There must, however, have been 
a greater increase than this, as the number of soldiers and 
seamen in 1801, certainly exceeded by much those employed 
in 1690. The circumstance that caused considerable dis- 
agreement in the estimates, which, previously to the enu- 
meration, had been formed on this subject, was the want of 
sufficient accounts to determme the proportion of persons 
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tx> a house. Dr. Davenant and Dr. Brackenbridge leck- 
oned six persons to a house, whereas Mr. G. King allowed 
but little more than 4i in London, and 4yV in the other 
cities and market towns, and four in the villages. Dr. 
Price asserted, that six persons to a house for Londcm, and 
five to a house for all England, was no doubt too large an 
allowance; but it was found, in 1801, that in England and 
Wales the proportion was Sf persons to a house, and in 
Scotland 5-}-. The proportion of inhabitants to a house 
differs very considerably in some counties of England ; the 
principal cause of this difference is the large towns, and 
particularly the seaports which some of them contain ; as 
in such places the inhabitants live more crowded together 
than in moderately sized inland towns. 

TABLE of the Population of Great Britain, according 
to the Returns made to Parliament in 1811, compared 
with the Population in the years 1700, 1750, and 1801. 





' Population. 


Area in 


InlTOa 


In 1750. 


In I80I. 


In 1811. 


England - - 

Scotland . I 

Totals - 


5,108,500 

366,500 

1,048,000 


6,017,700 

449,800 

1,403,000 


8,609,000 

559,000 

1,65S,100 


9,855,400 

632,600 

1,865,000 


50,910 

8,195 

29,167 


6,533,000 


7,870,000 


10,890,100 


151,353,000 


87,502 



Population, taking the Army and Navy separately, in 181 L 



Wales 



^ /Males 

/Males 
1 Females 
K Males 

Army, Navy, Ma- 
rines, and Sea- 



men, in regis- 
tered vessels 

Grand total 



^1 



4,575,763 
4,963,064 
291,633 
390,155 
826,191 
979,497 



640,500 



- 12,596,803 



Males in Englind - 4,575,763 

Waks - - 291,633 

Scotland - 826,191 

Anny mkI Nsvy^ 

&c. - - 64(V500 



Total . 6,S34/»7 



Fbmaus in England - 4»96S^4 
Wales - 320,155 

Scodand - 979,497 



Total 



6,262,716 
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Houses. 


Occupations. 


InlMiUted. 


By how ma- 
ny Families 
occupied 


FamUies 

chiefly em- 

played in 

Agnail- 

ture. 


Do. chiefly 

Trade, Ma- 
uufactures, 
and Handi- 
crafts. 


Do. not 

compre» 
hended in 

the two 
preceding 

Classes. 


Enghmd - 
Wales 
£codaiid - 


1,678,106 
119,398 
301,093 


2,012,391 
129,756 
402,068 


697,353 

72,846 

125,799 


923,588 

36,044 

169,417 


391,450 

20,866 

106,852 


Totals 


2,101,597 


2,544,215 


895,998 


1,129,049 


519,168 



Families in England 2,012,391 

Scotland 402,068 

Wales • 129,756 

Total, 2,544,215 



This gives us rather more than 4^ persons to each fiunily. 

We might advance step by step in this subject to a very 
great length, did not the limits assigned to our work pre* 
vent it ; we might show in what way arithmetical calcu- 
lations may be applied to political uses and subjects, 
particularly to those to which we have already referred, as 
the public revenues — the population of countries, and of 
the known world — the extent and value of the lands of a 
nation — taxes, trade, &c. We might show by what 
method, from the bills of mortality in different places, 
tables have been constructed, from which it is ascertained 
how many persons, upon die average, out of a certain 
number bom, are left at the end of each year to the ex- 
tremity of life : and how, from these tables, which are 
founded on the doctrine of Chances, explained in the first 
volume, p. 548-51, the probability of the continuance, or 
duration of life is to be estimated Hence is derived what 
is called the Expectation of Life, on which is founded the 
doctrine of Annuities and Reversions, so important in 
every state arrived to a certain pitch of civilization, and the 
whole system of fiicts relating to the population of any 
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country. Such kind of calculations are frequently made 
with a view to ascertain the comparatiye strength and 
prosperity of any two or more nations, that is, in fact, their 
wealth. Political arithmetic, for such it may be deno- 
minated, does not determine in what national wealth om- 
sists ; but it enables us to estimate the value of whatever 
passes by that name, and distinguishes the proportions by 
which the component articles may be applied to purposes 
conducive to the safety and prosperity of any community. 
It cannot be denied, that in the implication of arithmetic to 
topics of political economy, it loses much of its precision, 
from the fluctuating nature of all kinds of proper^, both 
with respect to distribution and value : it retains however 
a sufficient d^r^ of certainty to become an interesting 
object to every person who wishes to acquire a just idea of 
the resources either of the community to which he belongs, 
or of other nations. On this subject, if the particulars 
assumed as facts, were quite correct, the deductions ob- 
tained from them would be as determinate and invariable 
as in any other branch of arithmetic ; but as the former 
can never be depended upon, the latter will necessarily only 
be approximations to the truth. Such approximations 
however may be sufficient for most purposes of practical 
utility. 

To the student who would make Political Economy the 
subject of his researches, we can recommend nothing better 
than Smith's ** Wealth of Nations,** to which, in many 
respects, the foregoing article may be considered as an 
introduction. If Dr. Smith's work be thought too long, 
there is a very full abridgment of it, entided " An Analysis 
of the Wealth of Nations,'* in a thin octavo. Mr. Boileu 
has also published an ** Introduction to the Study of 
Political Economy,'* which he intends chiefly as an elemen- 
tary work, preparatory to the study of the ** Standard 
Treatise of Adam Smitii." The « Wealtii of Nations" 
should, indeed, engage a large portion of every young man*s 
attention who may hereafter be called to take a share in the 
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public concerns of his country. Having carefully studied 
Dr. Smith'is work, let him peruse with care << An Enquiry 
into the various Systems of Political Economy ; their Ad- 
vantages and Disadvantages ; and the Theory most &vour- 
able to the Increase of National Wealth. By Charles 
Gahilk." This very valuable work contains a great num- 
ber of extremely interesting discussions, as well as a veiy 
fair and candid statement of the difierent systems, as main- 
tained by all the principal authors on the subject : to whose 
several works, M. Ganilk refers with an accuracy and 
precision which cannot fail to be highly useful to those who 
would enter largely into this study. To these should be 
added the " Essay on Population," by Mr. Malthus, and 
the several works to which it gave rise : and it may be 
added, that in some of the early volumes of die Edinburgh 
Review, the several parts of Political Economy are dis- 
cussed with great talent and discrimination. See particu- 
larly vol. i. iv. vi. xi. &c. 
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CHAP. XXVI. 



OF MAN, HIS STRUCTURE AND FUNCTIONa 

General view of the human frame. Of the bones •— Matrow — Carti- 
lage— Synovia. Of the skeleton — The Head — Face; teeth, and 
hone in the tongue. — The Trunk — Spine; pelvis, and thorax or 
chest; ribs, sternum. Superior Extremities — Shoulder; arm and 
hand. Inferior Extremities — Femur — Leg ; patdla, and foot. The 
muscles. Muscular motion. The brain and nerves. 

In contemplating the human structure -»in developing its 
various functions —no attentive person can avoid beholding 
in a most striking manner, the wisdom and goodness of 
the Creator; to which, in &ct, all knowledge and every 
system of education should lead. 

From the superiority of his organization, Man, when 
compared with all other animated beings, may justly place 
himself at the head of the visible creation. His form is 
erect, his power is pre-eminent, and capable of bringing 
under his control the powers and perfections of all other 
creatures : his passions, given for the wisest purposes, are 
within the range of his owii discipline; his happiness not 
confined to things of sense; hb knowledge is progressiva 
and his duration is eternal. To his rank aiid station in the 
present world, this and the following chapter will be de- 
^oted ; to his high expectations for futurity, the concluding 
pages of th^ ^Qj.j^ ^jjj Yjq appropriated. 
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To understand the necessity and advantages of such a 
structure as that belonging to the human frame, we must 
consider what Man is, and what are the faculties with which 
he should be endowed. We must remember that the 
thinking part, or mind, is to be placed in a corporeal fabric, 
to hold a correspondence with other material beings by the 
intervention of a body; hence the necessity of the brain, in 
which the mind, or thinking principle, dwells, as governor 
and superintendent of the whole fabric. As the mind is to 
correspond with the material beings which surround her, 
of course she must be supplied with organs fitted to receive 
the different kinds of impressions that they will make. 
Hence she is provided with the organs of sense : the eye 
is adapted to receive impressions from light : the ear to re- 
ceive those arising from sound: the nose is adapted to 
smelling, the mouth to tasting and the skin to touching. 

Again, the mind must be provided with organs of com- 
munication witli the several parts of her own body, by 
means of the brain, fitted to convey her commands, and to 
have an influence over the whole. Hence nerves are given, 
which are a soit of cords that rise in the brain, and are 
dispersed in branches to every part of the body. They 
are intended to be the occasional monitors against all such 
impressions as might endanger the well-being of the whole 
frame, or any particular part of it ; which indicates the 
Creator, in having subjected us to those disagreeable and 
painful sensations to which we are exposed in a thousand 
accidents of life. 

The mind must likewise be endued with the power of 
moving its habitation, the corporeal frame, from place to 
place ; and accordingly she is furnished with limbs, and 
with muscles and tendons, which are the instruments of 
motion, and which, by some unknown power, she has 
completely under her control. 

To give stability, support^ and shape to this fabric : to 
keep the softer parts in their proper places, and for other 
important purposes, there must be some firm prop-work. 

VOL. II. M M 
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Such is the booy skdetOD, with which we shall begin our 
description. 

Of the Bones. The bones, constituting the basis and 
support of the body, are its most hard and solid parts; 
they are, however, organized like the other parts of the 
body, and like them supplied with blood by numerous ves- 
sels adapted to the purpose. Before birth, cmiilagef a 
substance that will be explained hereafter, suf^lies the 
place of bones. And this cartilage is not afterwards hard- 
ened into bone, but is actually absorbed and carried away 
by_one set of vessels, while another set is employed in de- 
positing, in its room, matter for the formation of bone- 

The bones are composed of a vascular substance^ not 
difEering materially in structure from the rest of the body, 
except that there is dq>osited in the interstices an earthy 
matter, which gives to the whole mass r^idity, strength, 
and a permanent figure. 

According to the diffierences in their forms, bones are 
divided into the long and^/fo/ : and two kinds of structure 
may be observed in them : in the one, the bony substance is 
condensed^ and without interstices ; in the other, there is a 
mere net^work of bony fibres and plates, leaving numerous 
intervals. This latter is denominated the cancellous sub- 
stance of bones. 

The cylindrical part of long bones is composed of the 
firmer substance i but the centre all the way through is left 
hollow, to contain a substance called marrow. In those 
extremities of bcmes which form the joints, to increase their 
surfece there is a thin layer of the compact substance, but 
all the interior is cancellous. In broad flat bones, the 
firmer substance is formed into two plates or tables, and 
the interval between these is^occupied by concelli. 

Many advantages ariae firom this arrangement. The 
long bones are made slender in the middle, to allow of the 
convenient collocation of the large muscles around them: 
they become expanded at their extremities, to affi>rd an ex- 
tent of surface for the formation of joints, and the suf^rt 
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of the body. The bones are hollow, for if all the eardiy 
matter had been compacted in the smallest space by bring- 
ing its parts close together, they would have been such 
slender stems, as to be unsuitable to their offices ; and if 
they had been of their present dimensions, and, solid 
throughout, they would have been too weighty and un- 
wieldy. The bones possess nerves as well as arteries, 
veins, and absorbents; and though in their natural and 
healthy state they seem to be insensible, they become ex- 
quisitely sensible and painful when diseased. 

Bones are covered by a strong and firm membrane, termed 
periosteum^ on which the vessels are first distributed, and 
thence descend into the substance of the bones. 

The Marraan is an oily substance, secreted, or separated 
from the blood : its precise use is not yet ascertained, but it 
is known that the destruction of the marrow produces th6r 
death of the bone. 

Bones are connected with each other by Ligaments^ which 
are strong, white, flexible substances, and but little elastic : 
there are two kinds of ligaments, the round, or cord-like^ 
which grow from the head of one bone, and are inserted 
into that of another, tying the bones together; and the 
capsular ligaments, . which inclose the whole joint, as in a 
purse or bag, and which have numerous arteries cypening 
iq)on their internal sur&ce, for the purpose of keeping 
them moist, and of diminishing friction. 

Cartilage is a semi-pellucid substance, which enters into 
the composition of several parts of the body : to preclude^ 
friction and concussion ; all the bones, forming moveable 
joints, have their aids covered with plates of thiis cartii 
lage; which being of a solid, smooth, elastic nature, ren^ 
ders the joinU easy, and free from shocks in running, 
jumfHug, &c. 

Sg^naoia. Besides the fluid which the capsular ligament 
throws out, there are small fringe4Lke bodies placed within 
the joints, for securing a constant supply of moisture^- 
They secrete or separate a glairy and slipper}^ liquor 
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called synovim intanded for lubricating the different sur- 
faces of the joint After the synoTia has done its office, it 
is taken up into the mass of blood by the absorbent vessels, 
which arise by open extremities from all the cavities of the 
body. 

Of the Skeleton. The bones of an animal connected 
together after the soft parts are removed, is called a skele* 
ton. The human skeleton is divided, for the purpose of 
description, into the head, the trunk, and the extr^nities. 
Seetheplate* 

By the head is meant all that spheroidal part which is 
placed above the first bone of the neck ; it therefore com- 
prehends the bones of the skull, and those of the face. The 
shdl consists of eight bones, which form a vaulted cavity 
for lodging and defending the brun. These bones are 
composed of two plates or tables, and intermediate canoelli 
or lattice work, nearly of the same structure and use, as 
that of other bones. The outer plate is the thicker and 
stronger of die two, for the purpose of warding off external 
injuries from the head. The bones of the skull are joined 
together by sutures, which are indented or dove*tailed 
seams. The bones of the skull ossify from the centre to- 
wards- the circumference, their fibres spreading and extend- 
ing on every side; till at length the dififerent bones meet, 
and shooting in between each other, form the suture or ser- 
rated line. In this way Nature in the formati<Hi erf* all the 
hemes, hastens thdr ossification, by beginning the process 
in many points at once; and she observes the same law 
in healing or uniting a broken bone, as well as in fonmng 
the skoli. 

l^YkbJbce is tlie irregular pile of bones composing the 
fore and under part of the head. It constitutes the -bony 
portion of some of the organs of sense ; afibrding sockets 
for the eyes, an arch to die nose, and a support to the 
iialate: it forms the basb of human physiognomy. It is 
usually divided into the upper and lower jaws : the formei' 
con&ists of six bones on each side, and of one in the middle, 
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and of sixteen teeth. The latter consists of only one move- 
able bone and sixteen teeth. Tlie fere part of this bone is 
termed the chin. 

The teetkj as we have observed, are generally in number 
sixteen above, and as many below, though some people 
have more, and some less. The part appearing without 
the sodcet is called the base or body, and those parts within, 
die roots or fiings, which become smaller towards the end 
farthest from the base. Each tooth is composed of its ena* 
mel and internal bony substance : the enamel has no cavity 
or place for marrow, and is so extremely hard, that saws 
and the hardest files can with difficulty make an impressi<m 
upon it It is thickest upon the base, and becomes thinner 
towards the extremities of the roots. The internal bony 
part of the teeth is of the nature of other bones; like them 
it is supplied with blood-vessels and nerves ; it is subject 
likewise to the disorders of other vascular parts : hence, 
when by any accident or disease, the enamel breaks or 
fidls off, and the internal part becomes exposed to the air, 
it soon corrupts ; and a carious tooth is produced, hollow 
within, though perhaps having only a very small hole, 
externally. 

The vessels and nerves enter by a very small opening, 
placed a little to the side of each root, and thence des- 
cend, to be lodged in canals, formed in the middle of the 
teeth: here they are employed in replacing the waste 
constantly made by the attrition which they undergo in 
mastication. 

The teeth are commonly divided into thi^ classes, viz. 
the mcisares9 or cutting teeth ; the canini^ or eye teeth ; 
and the moUtres^ or grinders. There are four incisores, or 
cutting-teeth, in the fore part of each jaw, and they take 
their name from their use in cutting the food : the canini, 
so called firom their resemblance to the tusks of dogs, are 
two in each jaw, and are placed one on each side the in- 
cisores. The grinders, ci which there are ten in each jaw, 
me so named, because, from their shape and size, they are 
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admirably fitted for grinding the food. Each ot the incU 
sores and canini is fiimished only with a single fang, but 
in the molares of the iTnder jaw, there are two, and in those 
of the upper jaw there are three fangs. 

This structure and arrangement of the teeth, it has been 
observed by anatomists, display great wisdom. In corn- 
pairing the subject with the princifdes of mechanics, Chap. I. 
Vol. II. we find that the under jaw acts as a lever, having 
its fulcra, or fixed points, at its articulations with the ^knll : 
that this lever is worked by its muscles, and that the food 
constitutes the object of resistance. Now it is evident that 
the grinders, as wall from being placed nearest the centre 
of motion, as fit>m the unevenness of their surfaces, are 
calcalated to act the parts given them to perform ; while 
the others, being placed &rther from this point, and also 
from the sharpness of their edges, and those overlapping 
each other as the blades of scissors do, are particularly 
adapted to cut and tear the food. 

The pain called tooth-ach arises- from a nerve, which 
with a vessel, resides in a hollow, formed, for protection, 
in the centre of the tooth ; this nerve, by the decay of the 
tooth, being exposed to the cold, excites the pain re- 
ferred to. 

Each person has two sets of teeth, the first, about twenty 
in number, and small in size, fall out at a certain age, to 
make room for larger ones. The former are called deci- 
duous, or temporary; the latter, intended to last through 
life, are denominated permanent 

There is a small but very important bone in the tongue^ 
nearly of the figure of the lower jaw-bone ; and which lies 
immediately between the root of the tongue, and the upper 
part of the wind-pipe; it carries upon it a valvular carti- 
lage, for shutting the passage, and preventing any thing 
getting down this tube : while its branches extend along 
the sides of the throat, keeping the openings of the wind- 
pipe and gullet extended, as one would keep a bag extended 
by two fingers. This bone is the centre of motion of th^ 

1* 
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tongue; for in it the muscles, which compose the bulk of 
the tongue, are inserted: — of the motions of the wind- 
pipe ; for it forms at once the top of the wind-pipe, and 
the root of the tongue, and joins them together: — of the 
motions of the gullet ; for the branches surround the upper 
part of that tube, and join it to the wind-pipe : and it also 
forms the centre for all the motions of the throat in general ; 
since muscles come down from the chin to this bone, to 
move the whole throat upwards, others ascend from the 
breast, to move it downwards ; while different muscles come 
from the sides, to move the throat backwards* 

The Trunk of the Body comprises the spine, the pel- 
vis, and the thorax, or chest. The Spiney or back-bone^ is 
a chain of joints of very wonderful construction : it extends 
from the skull to the end of the loins, and consists of 
twenty-four distinct bones, named vertebra^ so called from 
the Latin word verterey because they are admirably formed 
for turning every way. They also form a tube or canfd 
along the whole length of the spine, for lodging and 
defending the spinal marrow ; and they support the whole 
weight of the trunk, head, and arms, without suffering 
under the longest fatigue, or the greatest load which the 
limbs can bear.' Here we observe, that nature has esta- 
blished the most opposite and inconsistent functions in one 
set of bones ; for their motions are so free, as to be turning 
continually, yet so strong, as to support the whole weight 
of the body, and so flexible, as to .turn in all manner of 
directions ; yet so steady within, as to contain and defend 
the most material and most delicate part of the nervous 
system. 

The vertebrae are divided into those of the neck, the 
back, and the loins. In the neck there are seven, in the 
back twdve, and in the loins five. 

Of ike Pelvis. The pelvis is a circle of large and firm 
bones, standing as an arch between the lower extremities 
and the trunk: this arch is wide and strong, to give a 
firm bearing to the body : the several bones of which it is 
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composed are large, to aflbrd a deep socket for the impUnt- 
adon of the thigh bone : its motions are free, bearing the 
trunk above, and rolling upon the thigh bones below ; and 
it is so completely the centre of all the great motions of 
the body, that when we^ believe the motion to be in the 
higher parts of the spine, it is actually either the last ver- 
tebrae of the loins bending upon the tc^ of the pelvis, or 
the pelvis itself rolling upon the heads of the thigh bones. 
The pelvis, so named from its basin-like form,' is con- 
structed of four large bones ; viz. 1. The os sacrum^ be- 
hind, on which the spine rests, is of an irregular triangular 
shape, broad above for supporting the trunk, and narrow 
below ; on the outside it is convex, mid in the inside conr 
cave. Within is a triangular cavity, which is a continu- 
ation of the canal of the spine; here the spinal marrow 
ends, and branching into a great number of thread-like 
nerves, has the form of a horse's taiL These nerves after- 
wards go out by five great holes, which are on the fore-part 
of the bone, to be distributed to various parts. 2. The 
0$ coaygis is a continuation of, or appendage to the sacrum ; 
and it consists of four small bones, each of which becomes 
smaller, as it descends, till the last ends in a point ; and 
by bending inwards, it serves to contract the lower opening 
of the pelvis, so as to support efiectually the viscera within. 
3. ' The sides and forepart of the pelvis are composed of 
two bones, which correspond in size and figure, and being 
of a most in^gular shape, they are called o^sa itmominaiay 
or bones without a name. In children, each of these bones 
consists of three pieces; but which» as the ossification be- 
comes more perfect, are so firmly united, as to form but 
one. The pelvis is the base for suppor^g the superior 
parts of the body : it is moreover so constructed as to re- 
adve into its sockets the thigh-bones, by which means it 
connects the lower extremities with the upper parts of the 
frame ; and, histly, by forming a kind of basia at the lower 
end of the trunk of the body, it aids in sustaining the vis^ 
-^eraa wnlle its outside surfaces, serve as coavenient places 
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for the origin and insertion of numerous musdes, which 
perform, with mechanical advantage, some of the motions 
of the trunk, and many of those of the lower limbs. 

The thorax^ or chest, is that large cavity, reaching from 
the neck to the lower end of the breast-bone, and still 
lower downwards, at the back. It is intended to afford 
a secure and c6mmodious residence for the heart, lungs, 
&c. and is formed by the twelve dorsal vertebrae, the ribs 
and the sternum. 

The ribs are long, curved, flattened, and narrow bones, 
attached behind to the dorsal vertebrae, and joined in front 
to a piece of cartilage : they not only defend this heart and 
longs, but also assist in breathing, being joined to the 
spine by regular hinges, which allow of short motions : 
these yield to the motion of the ribs, and return again, from 
their elastic nature, when the muscles cease to act. Of the 
twelve ribs, seven have their cartilages inserted into the 
breast-bone, and are called true ribs : but the other five, 
whose cartilages do not reach that bone, but run into each 
other, are named fistlse ribs. 

The sternum^ or breastbone, is commonly composed of 
two pieces of bone, and a cartilage united, to which the 
ends of the ribs and collar-bones are articulated, and by 
means of which the cavity of the chest is completed. 

Of the Superior Extremities. Each superior ex-« 
tremity consists of the shoulder, arm, fore-arm, and hand, 
The shoulder^ includes two bones, the clavicle and scapula. 
The damdef or collar-bone^ is placed at the root of the neck, 
and at the upper part of the breast: it serves for the shoul- 
der, as a kind of arch, supporting and preventing it from 
falling in and forwards upon the breast The collar-bones 
also make the hands strong antagonists to each other, with- 
out which they could not have been so. The scajmla, or 
shoulder-blade^ is broad and flat, placed upon the outside 
of the ribs, and serving as a base to the whole superior 
limb. It is not in immediate contact with the ribs, but is 
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separated from thera by several layers of muscular flesh ; 
so that this bone may glide upon the trunk, and increase 
the motion of the limb which is suspended from it. Accord* 
u^gly» ^t serves as a moveable intermediate base to the 
whole arm* For this purpose it is fastened to the trunk 
by numerous strong muscles, by means of which it may be 
moved in almost all manner of directions. 

The arm is usually divided, in the description, into two 
parts, which are articulated with each other at the elbow : 
the upper part, extending from the shoulder to the elbow, 
retains the name of arm, and the lower part is called the 
fore-arm. 

The arm^ or humerus, is a single bone, long and q^Iin^ 
drical, joined by a round head to the scapula above, and 
articulated with the bones of the fore-arm at the elbow, 
serving as a base on which they perform their various 
movements. 

The fore-arm is cpmposed of two bones, named the tdna 
and the radius. The ulna extends from the wrist on the 
side of the little finger to the point of the elbow, where it 
assumes a hook-like form ; the concave side of which being 
fitted to the lower end of the arm-bone, produces the mo- 
tions of flexion and extension, so that the fore-arm may lie 
bent to a very acute angle, or extended into almost a 
straight line with the arm. The radius has its position 
reversed with that of the ulna; for the latter has its greater 
end upwards, but the greater end of the radius is down- 
wards. While the ulna only bends the arm, the radius 
carries the wrist with a rotatory motion. The radius is 
hoUowed at its lower end for receiving the bones of the 
wrist, but the ulna does not reach quite so far as to cc»ne 
in contact with those bones. 

The hand is divided into the carpus, or wrist, the meta- 
carpus, and the fingers and thumb. The carpus contains 
eight bones, disposed in rows, which allow motion on all 
sides; and by a quick succession of these motions, the 
hand may be moved in a circle. The metacarpus has five 
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bones, and each of the fingers three, the thumb only 



two. 



Of the Inferior Extremities. Each of the lower 
extremities comprises the thigh, the leg, and the foot, and 
has a great analogy in the structure and distribution of its 
parts with the upper extremities. 

The Jemur 9 or thigh-bone, is the largest of the cylindrical 
bones in the body. It has a round head, contained in a 
socket of the os innominattm. This bone not only serves 
as a fixed point for performing several motions of the trunk, 
which it maintains like a pillar ; but it also affords a base 
' for the leg to carry on its own motions, and is principally 
concerned in walking, running, &c. 

The leg is composed of three bones, two long ones, 
called the tibia and fibula, and a small one placed at the 
knee. The tUna^ so named firom its resemblance to a mu- 
sical pipe, is a long triangular bone at the inside of the 1^ ; 
which runs nearly in a straight line from the thigh-bone to 
the ancles, supporting the whole weight of the body ; and 
has its upper part expanded into a large surface for receiv- 
ing the lower end of the thigh-bone, and forming the knee- 
joint. This articulation admits flexion and extension, and 
is secured by very strong ligaments. The lower end of the 
tibia is articulated with the foot, and forms the inner ande. 
Thejibtda is a long slender bone, placed at the outside 
of the tibia^ and its head is connected to that bone by lig^ 
aments, but does not reach high enough to enter into the 
composition of the knee-joint. It descends to the foot, 
where it forms the external ancle ; and is connected with 
the tibia along its whole length, by a broad, thin ligament, 
similar to one that is between the bones of the fore-arm. 

The patella, or knee-^an, is a small thick bone, of an 
oval, or rather triangular form. The base of this triangu- 
lar bone is turned upwards to receive the tendons of the 
great muscles, by means of which the leg is extended ; the 
apex is turned downwards, and is tied by a very strong 
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ligament to the upper part ot the tibia, just under the knee. 
The knee-pan acts as a lever, and enables the musdes of 
the leg to become more powerful in extending the limb. 
To fiicilitate its motions, its external surface is smooth, 
covered with cartilage, and fitted to a kind of pulley of the 
thigli-bone, upon which it moves. 

The Jbot la composed of the tarsus, metatarsus and toes. 
The tarsus has seven bones : the metatarsusj five : and the 
bones of each toe are three, except the great toe, which has 
only two. 

Of the Muscles. The organs which move the bones, 
and put the whole frame in motion, are called muscles ; they, 
in fiict, constitute all that part of the human body known 
by the name of flesh : they consist of bundles of red fibres, 
but the colour is not essential, it can be removed by re- 
peated washings and maceration. Each large muscle con- 
sists of two distinct portions, namely, its belly, which is 
the only part that is acdve, and the shining extremities, 
or tendons : these last are used to fix the muscles to the 
moveable parts, in consequence of which, a greater power 
is brought to act upon them in the same way as manual 
labour is often assisted by ropes, in moving weighty bodies. 
The tendons are accordingly employed in implanting muscles 
upon bones, and are not discoverable in the heart, stomach, 
&c. Muscles are universally the Organs of motion in ani- 
mals : they are of different sizes and shapes, according to 
the degree of force required of them, and the form of that 
part on which they are situated : those on the body or 
trunk are mostly broad and flat ; but those on the extre- 
mities, are of a long, round figure, with tendinous ends. 

Each muscle performs its action by contracting both ends 
towards the centre : when one of these ends is fixed to a 
point as a fiilcrum, the other, with the bone united to it, 
is necessarily drawn towards it ; and thus, by the co-oper- 
ation of several muscles, the movement of the limb, and 
even of the whole body, is effected. As soon as the mo- 
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tion iH over, the muscles, which performed it, relax, 
and allow their ends to elongate to thdr former posi*^ 
tion. There is always an exact relation between the joint, 
and the muscles- that move it. Whatever kind of motion 
the joint, by its mechanical construction, is capable of per- 
forming, that motion the annexed muscles, by their posi- 
tion, are capable of producing. For example, if there be, 
as at the knee and elbow, a hinge joint, capable of motion 
only in the same plane, the muscles and tenldons are placed 
in directions parallel to the bone, so as by their construc- 
tion to produce that motion, and no other. Whereas, at 
the shoulder and hip, where, what is called the ball and 
socket joint allows, by its construction, a rotatory or sweep- 
ing motion, tendons, are placed in such a position, and pull 
in such directions, as to produce all the motions of which 
the joint admits. In the head and hand there is a specific 
mechanism in the l^ones for rotatory motion, and there is 
accordingly in the oblique direction of the muscles belong- 
ing to them, a specific provision for putting this mechanism 
of the bones into action. The oblique muscles would have 
been useless without that particular articulation : and the 
articulation would have been useless without the muscles. 

As we have seen that the muscles only act by contrac- 
tion, the reciprocal energetic motion of the limbs, or their 
motion with a proper degree of forpe, in opposite directions, 
can only be produced by the instrumentality of opposite or 
antagonist muscles answering each other. For instance, 
the muscles placed in the front of the arm, by their con- 
traction bend the elbow, and with such a degree of force as 
the case requires, or the str^igth admits of. The relax- 
ation of these muscles after the effort, would merely let the 
fore-arm drop down : for the back stroke, therefore, and 
that the arm may not only bend at the elbow, but also 
extend and straighten itself with force, otiier muscles are 
placed on the hinder part of the arm, to bring back the 
fore-arm into a straight line with th^ humerus, with a force 
equal to that with which it was bent out of it« Hence it is 
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evident, that the animal functions require that disposition 
of the muscles which we call antagonist muscles. 

It frequently happens that the aaion of muscles is wanted, 
where their situation would be inconvenient In such cases, 
the body of the muscles is placed in some ccmmiodious po- 
sition at a distance, and it communicates with the point of 
action by slender tendons. I^ for instance, the muscles, 
which move the fingers, had been placed in the palm or 
die back of the hand, they would have swdled that part to 
an awkward and clumsy thickness: they are therefore 
placed in the arm, as high as the elbow, and they act by 
long tendons strapped down at the wrist, and passing under 
the ligament to the fingers, and to the several joints of the 
fingers which they severally move. In the same manner 
the muscles which move the toes, and many of the joints 
of the foot, are deposited in the calf of the 1^. See the 
plates, . * 

The number of the muscles of the human body is so 
great, and the circumstances which demand attrition in 
every muscle, are likewise so numerous, that a particular 
description of each, or even of the most important, would 
not all comport with the nature of this wcM'k ; we shall 
therefore only notice, in the words of an ^codlent author, 
the mechanical variety in the • figure of the muscles 
generally. 

It appears to be a fixed law, that the contraction .of a 
muscle shall be towards the centre. Therefore the subject 
for mechanism on each occasion is, so to modify the figure, 
and adjust the position of the muscle, as to produce tiie 
motion required, agreeaUy to this law. This can only be 
done by giving to different muscles a diversity of configur- 
ation, suited to their several offices, and to their situation 
with respect to the work which they have to perfonn. On 
which account we find them under a multiplicity of forms 
and attitudes; sometimes with double, sometimes with 
treble tendons, som^mes with none : s<Mnetimes one 
tendon to several muscles, at other times one muscle to 



Digitized 



by Google 



OF THE MUSCLES. 5t3 

several tend<»is. The shape of the organ is susceptible of 
an incalculable varie^, whilst the original property of the 
muscle, the law and line of its contraction, remains the 
same, and is simple. Herein the muscular system may be 
said to bear a perfect resemblance to our works of art. An 
artist does not alter the native quality of his materials or 
their laws of action. He takes these as he finds theqi. 
His skill and ingenuity are employed in turning them, such 
as they are, to his account, by giving to the parts of his 
machine a form and relation, in- which these unalterable 
properties may operate to the production of the effects 
intended. 

The muscular system would afford us numerous ex- 
amples of what may be called mechanical structure : f . e. of 
such contrivances employed to attain certain objects, as a 
human artist would adopt on similar occasions. One of 
the muscles of the eye-ball presents us with a very perfect 
puHey ; by means of which the globe of the eye is moved 
in a direction exactly contrary to the original application 
of the force. The muscle, which is called the trochlearis^ 
arises from the very back part of the orbit; it has a long 
and slender tendon runing through a pulley in the inner 
part of the front mar^n of the orbit, and then going back 
to be fixed in the hind portion of die eye-ball. Thus it 
draws the globe obliquely upwards and forwards, although 
the line of the contraction of the muscle is directly back- 
ward. 

. In the toes and fingers> the long tendon which bends the 
first joint, passes through the short tendon which bends the 
second joint. 

The foot is placed at a considerable angle with the 1^. 
It is manifest, therefore, that the flexible strings, passing 
along the interior of the angle, if left to themselves, would, 
when stretched, start from it The obvious prevention is 
to tie them down, and this is done in &ct. Across the 
instep, or rather just above it, the anatomist finds a strong 
ligament, under which the tendons pass to the foot. The 
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dflfect of the lij^ment, as a bandage, can be made evident 
to the senses ; for if it be cut, the tendons start up. The 
simplicity, yet the clearness of this contrivance, its exact 
resemblance to established resources of art, place it among 
the most indubitable manifiestations of design with which 
we are acquainted. 

Of Muscular Motion. Muscuhir motions are of three 
kinds, viz. voluntary, involuntary, and mixed. The m&M- 
tary motions of the muscles are such as proceed firom an 
immediate exertion of the active powers of the will : thus 
the mind directs the arm to be raised, the knee to be bait, 
the tongue to speak, &c. The imoUmUay motions of mus- 
cles are those which are performed by organs seemingly of 
their own accord, and without any attention of the miud, ^ 
or consciousness of its active power; as the contnictioii 
and dilatation of the heart, arteries, veins, stomach, ficc. 
^rhe mixed motions are those which are in fiict under the 
controul of the will, but which usually act without our 
being conscious that they do so, as in the. case of the mus- 
cles of respiration. 

As motion is produced by the muscle contracting both its 
ends towards the centre, when one end is fixed, the odier 
must of course be drawn to the centre of motion, and with 
the bone or any other part to which it is affixed ; and thus 
by the co-operation of several muscles, not only a limb, 
but even the whole body is put into action. This is the 
case with all the muscles of voluntary motion ; their tUtites 
contract on the application of the nervous influence, and 
the whole muscle shortens itself, and on this same principle 
the other muscles perform involuntary motion. The heart 
contracts from the stimulating properties of the blood ; the 
arteries do the same ; also the absorbent vessels by a similar 
action of their contents ; and likewise all those organs and 
parts which have the power of acting, independentiy of the 
mind. Hence the motions of animals have been defined to 
be the contraction of the muscular fibre, from the pres^ice 
of some stimulating influence. But it has not yet been dis* 
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covered whence the muscular fibre derives this contractile 
power. 

Of the Brain and Nerves. The brain is a soft and 
whitish substance^ situated in the cavity of the' skull, and 
corresponding in form to that cavity. Its parts are sup- 
ported by a firm membrane, called the dura mater; and its 
substance is more immediately invested by a delicate mem- 
brane, called thejna mater. The structure of the brain is 
remarkably constant and uniform, very seldom deviating 
from the accustomed standard ; which seems to prove, that 
the right performance of the (unctions of this organ requires 
a great exactness in the structure of the . individual parts. 
The whole brain is divided into two parts : that which is 
in the upper or fore part of the skull, is called the Cerebrum ; 
and that which lies at the back part just under the Cere- 
brum, is denominated the Cerebellum* The dura fnater 
acts as a lining to the inside of the skul^ and it has three 
parts or processes serving as partitions to certain portions 
of the brain to keep it steady. The pia mater invests the 
brain even between its lobes and folds. It serves not 
only to contain die brain, but to support its blood-vessels, 
which are in this part in great numbers ; that the blood 
may not enter the brain too impetuously, the veins also 
unite upon it. 

There is likevrise a medullary production from the under 
part of the two divisions of the brain, which is called the 
Medulla oblongata. The production of this through the 
great opemng of the skull, and down the channel of the 
spine, is the Medulla Spitialis^ or Spinal Marrow. 

It may be observed, as shewing the characteristics of the 
three substances just enumerated, that wounds in the Cere- 
brum, though very dangerous, are not mortal ; but in the 
Cerebellum and Medulla Oblongata, they cause sudden 
death; and in the spinal marrow, they occasion loss of 
sense in all the parts which receive nerves from below the 
wound. 
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The nerves are so<H white, fibrous cords, that arise from 
the brain and spinal marrow : they come out in pairs, and 
are distributed through the whole body. There are forty 
pairs of nerves; of these, nine pair arise from the base of 
the brain within the skull ; a tenth from the brain, as it 
passes through the great hole of the skull into the spine ; 
and the other thirty pair proceed from the spinal marrow. 
Those arising from the brain pass through holes in the 
base of the skull, and are distributed chiefly to the organs 
situated in the head, and to those contained in the chest 
and belly: while the nerves, which arise from the spinal 
iparrow go, partly among the internal organs of the trunk, 
to be distributed to the exterior parts of the body, and to 
the extremities, or limbs. 

Respecting the structure of the brain and nerves, the 
nature of their powers, and in what way the operations of 
the mind are connected with the matter of the brun, nothing 
yet has been ascertained. The following facts are, how- 
ever, generally admitted as true: 1. The brain and nerves 
are sensible, constituting the organs of feeling smd sensation 
in the animal machine. 2. All tlie other parts of .the body 
deriye their power of feeling and sensation from the brain, 
the spinal marrow, and the nerves ; being in themselves 
wholly insensible, and made capable of feeling only in pro- 
portion as they have nervous branches distributed among 
them. 3. The excitement to all voluntary motion, or to 
those actions which are produced by the will, flows from 
the brain or spinal marrow, throu^ the medium of tlie 
nerves, to those parts of the body which we wish to move. 
4. The nerves are the organs, and the brain the receptacle 
of all our sensations, the source of all our ideas : from 
which it has been inferred that the brain is the seat of tlie 
soul* 
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CHAP. XXVIL 



OF MAN, HIS STRUCTURE AND FUNCTIONS, 
Ccntimted, 



Organs of Sense — Seeing — Hearing •^Smelling — Tasting— Touching. 

— Organs of Circulation — Heart — Arteries — Veins — Absorbents 
— Glands. — Organs of Respiration ^ Trachea — Lungs — ^^Diaphragm. 

— Organs of Digestion — Stomach ^ Intestines — Liver, and Pan- 
creas — ^Digestion as a function : The Kidneys — Integuments — 
Cellular Membrane and Fat. — The Skui — Perspiration — Hair — 
Nails. 



CJf the Eye* Theorgan of vision, or the eye, is lodged, 
for its safety, in a socket formed partly by the bones of the 
skull, and partly by those of the face; and for the still 
greater security of this delicate organ, it is defended on the 
outside by the eye-lids, which serve as an occasional cover- 
ing against external bodies; while a fine fluid,^ secreted or 
sepai^ated from a small gland, which is situated near the 
outer angle of the eye-lids, is constantly spread over the 
sur&ce of the eye to keep it moist and transparent; and to 
wash away those particles, which, floating in the air, might 
produce injurious effects. This fluid, known by the name 
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of tears, afterwards passes off by two small openings, at the 
opposite or inner angle of the eye, and thence descends by 
means of a canal, into the nose. The eye-lashes grow out 
from the edges of the lids, and serve not only to protect the 
eye from insects, and other minute bodies continually 
floating in the air, but also to moderate the action of the 
rays of light in their passage to the eye. 

Each eye-ball is partly transparent, and partly opake : 
the former portion transmits the rays of light to the nerve, 
which is spread at the back part of the eye ; while the 
latter serves as a covering to this organ, and is intended 
also to confine the humours of the eye, as they are called 
and limit the passage of the rays of light The opake part 
of the eye consists, first of the white outside coat, called the 
sclerotica^ which covers all the back part of the globe of the 
eye, and running forward joins the transparent coat called 
the cornea, and which is placed at the fore-part of the eye. 
These two coats forming the outside covering or case, for 
containing the other parts of tlie eye, have been compared 
to the outside of a watch, the transparent part answering to 
the glass, and the opake part to the case in which it is fixed 
It is the external and vis'ble part of this opake coat which 
forms what is called thr white of the eye. On the subject 
of the eye, its coats, humours, and manner of vision, see 
p. 64f — 6. of this volume. 

Of the Ear. This organ is di\uded into two parts, the 
external and internal ear, by a membrane, called tnembrana 
tympani. The figure and situation of the former are well 
known ; it is perfectly adapted to collect the air, and by its 
curiously winding channel, to propagate sound to the in- 
ternal parts. We may therefore pass on to the description 
of the latter. 

The internal ear, which is the immediate organ of hear- 
ing, is seated within the temporal bone of the skull, and 
consists of cavities, labyrinths, and passages, hollowed out 
of its substance, together with fine membranes, as linings* 
some very minute bones, and the auditory nerve. 
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The first passage is comparatively of considerable length, 
which leads from the external to ihe i itenial ear ; it is lined 
with a £ne membrane, and is furnished with numerous 
small hairs for guarding the parts within from the entrance 
of insects, &c. The inner extremity of this panal is closed 
by a thin tranlsparent membrane, set in a bony circle like 
a drum-head : under this membrane runs a branch of a 
nerve, and immediately beyond' it is a small cavity called 
the drum of the ear. This cavity contains a chain, formed 
by four small bones ; it is of a hemispherical shape, and 
has four openings into it : the first is a small canal com- 
municating with the back part of the mouth : the other 
three are holes which open into different recesses of the 
ear. One of these openings leads directly through a 
bony partition, into what is denominated the lab}rrinth 
of ihe ear. 

The labyrinth of the ear consists of three parts: 1. A 
spiral bony canal, twisted like a snail-shell, and thence 
called the cochlea. 2. Three semicircular bony canals ; and 
3. A small cavity called the vestibulum^ into which the 
cochlea and the semicircular canals open. These parts are 
formed of the hardest bone in the body, and in solidity 
almost equal to ivory. See theJSgures. 

Although we do not know the exact mode of action of 
this intricate but wonderful organ, it is certain that the 
auditory nerve, which is spread over the whole labyrinth, 
is the seat of the sense of hearing; and that a certain mo- 
dulation of the air, conveyed through the first canal, and 
theifce communicating its vibrations to the nerve, is the 
cause of hearing. The manner in which it is effected has 
been thus described. 

Sound being created by the stroke of one body against 
another, causes an imdulating motion in the air, similar, 
probably, to the circles which are formed on throwing a 
stone into smooth water; and these waves of the air, tra- 
velling at the rate of eleven hundred and foity-two feet in a 
second, strike against the external ear: here they are col- 
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lected and conveyed through the canal to the membrane 
dosing the drum of the ear. Against this membrane they 
strike, so as to make it vibrate, and the vibration is pro- 
pagated onwards by the small bones in the drum of the 
ear, till it reaches the labyrinth, where communicating its 
impulse to a watery fluid contained in its cavities, the audi- 
tory nerve at length becomes affected by the waves in the 
water, and the sense of sound is produced, on the brain. 

Of the Nose* This organ is a very prominent feature in 
the hunjan countenance : it is formed chiefly by the bones 
of the face, and communicates with the bony cells in the 
head. The internal part of this organ, which is the seat 
of smelling, is formed by the convolutions of four small 
bones, two in each nostril: a soft membrane covers 
them through all their windings, and upon this the branches 
of tlie olfactory nerve are distributed. The sense of snleU 
ling is efiected by this membrane. The effluida of bodies, 
consisting of their volatile particles, being carried with the 
air in which they float, through the nose^ in inspiration^ 
strike against the olfactory nerves which are every where 
spread throughout the membrane, and produce in them 
a certain sense of feeling, which is denominated smelling. 
This sense, besides adding to our sum of pleasurable 
feelings, is evidently intended to direct us to a proper choice 
of aliments, at the same time warning us to fly from such 
exhalations and vapours as vitiate the air, and render it 
injurious to life. 

Of the Taste. The tongue, from the great concern 
which it has in the functions of masUcation, deglutition, 
and articulation, and because it constitutes the organ of 
taste, presents an interesting object to the physiologist* 
The taste properly resides in the nervous papillae^ which 
lie upon the extremity and sides of the tongue, and is ex- 
cited by the contact of those bodies whose properties are 
calculated to act upon these nerves. According as they 
make different, kinds of impressions, we have the different 
sensations of sour, sweet, bitter, &c.; but according to the 
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particular state of these nervous papillae, with respect to 
moisture, that is, according as the organ is or is not in a 
healthy state, the taste varies. 

The capability of the tongue to feel a difference of tastes, 
was implanted, no doubt, that we might distinguish such 
food as is most salutary; for in general what is pleasant is 
wholesome, but that which is ill-tasted, is rarely fit for 
nourishment. Upon a similar principle. Nature has in- 
vited us to take necessary food, as well by the painful sen- 
sation which we call hunger, as by the pleasure arising 
from the sense of taste. 

Ofth£ Touch. The sense of touch is that faculty which 
enables us to distinguish certain properties of bodies by the 
feel, and which exists in all parts of the body possessed of 
sensibility. The term is, however, commonly confined to 
the nervous extremities or papillae of the skin, which, by 
the peculiar sensibility of their structure, are enabled to 
form ideas of the solidity, moisture, inequality, smooth- 
ness, fluidity, &c. of bodies. But the part of the skin 
which possesses this sense most perfectly, is that covering 
the points of the fingers, which, from the peculiar arrange- 
ment of its nervous papillae, and the convex shape of the 
part on which they lie, is admirably calculated for inquir- 
ing into the nature of bodies by the feel. 

Hence it may be inferred, that in each of the organs of 
sensation, the eye, the ear, the nose, the tongue, and the 
skin, there is a nerve or nerves, on which impressions can 
be made : and the organ itself is a sort of apparatus for 
conveying to the nerve a particular sensation from the im- 
pressing object. Thus the transparent parts of the eye are 
calculated to transmit the rays of light to the nerve, that is, 
the retina, which is spread behind them — the ear to col- 
lect, concentrate, and propagate the vibrations of sound 
till they strike against the nerves distributed in the laby- 
rintli — and the nose, the tongue, and fingers, are so con- 
structed as, that the nerves, which are spread upon those 
parts, receive difierent kinds of impressions by contact, 
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owing, perhaps, to the difference of the medium through 
which the nerves are acted upon. It appears then, that 
there is a common seat for impression in all tlie organs, 
and that the difference of sense is created by the organ it- 
self, whose peculiar construction is calculated to receive a 
particular sensation from the impressing body. 

TWe Organs of Circulation are the heart, the 
arteries, the veins, the absorbing vessels and their glands. 
The heart is situated nearly in the centre of the humaa 
body, occupying a place in the chest, lying upon the 
muscle which divides the chest from the cavity below. In 
this situation the heart is sustained by the large blood- 
vessels that originate from its base ; but its point is entirely 
free, and it is surrounded by a strong membranous bag, 
which is fastened to these vessels, and which is intended to 
preserve the moisture of its surface, by constantly exuding * 
a fine thin lubricating fluid. 

The heart is hollowed out into four cavities, or chambers 
for receiving tlie blood, and for giving it a fresh impulse. 
These cavities are in pairs on each side of the heart. The 
cavities in each pair communicate with one another by an 
opening through the partition which divides them, but they 
are totally distinct from the cavities on the other side, 
although they correspond with them in shape, structure, 
and use. Hence the heart may be said to consist of two 
distinct organs ; the one on the right side for mcuntaining 
the circulation of the lungs, and the other on the lefi, for 
impelling it through the rest of the body. The first cavity i 

on the right side of the heart is called its auricle, and it re- i 

ceives the terminations of two large veins, which reconvey ! 

the blood returning from all parts of the body, to the heart. | 

This cavity may be considered as a reservoir for receiving { 

the returning blood, which it immediately discharges into \ 

the other cavity on the same side, called the right verUrtcle. \ 

The opening into the ventricle is closed by a valve, which 1 

is so contrived, as to admit the blood, but to prevent its J 
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return ; the ventricle itself has, however, another opening 
leading into an artery, and when filled with blood from the 
auricle, it contracts and forces it into the artery of the 
lungs. There are also valves situated at the commence- 
ment of the artery to prevent the blood from returning into 
the cavity whence it had been expelled. The structure of 
the left side of the heart is very similar to that of the right; 
but the auricle on the left side receives the blood from the 
lungs by four veins which open into it, while it is the office 
of the left ventricle to force it into a new circulation 
along the whole extent of the body. The left ventricle 
is stronger than the right, because it has a greater resistance 
to overcome. 

The substance of the heart is muscular ; but the mus- 
cles are so arranged as to admit of contractions in all 
directions; and with such a modification of the irritable, 
principle, as to be contracted and dilated alternately 
through the whole of life, so that the circulation never 
ceases. The auricles of each side are filled at the same 
instant, while the ventricles are at the same time emptying 
themselves, the right one into .the artery which leads to 
the lungs, where the blood is changed in its colour and 
other properties ; and the left one into the aorta or great 
artery of the body. 

Of the Arteries. From the ventricles of the heart, as 
we have seen, arise two large elastic tubes called arteries, 
which afterwards divide like a trunk of a tree into innumer- 
able branches. The one commencing at the right side of 
the heart, conveys the blood to tlie lungs, while that which 
is continued from the left;, carries it to all the other parts 
of the body. The arteries partake of the nature and action 
of the heart ; for being dilated and irritated by the blood, 
driven into them from the heart, they contract, by means 
of their muscular coat, upon the blood, and thus force it 
to all parts of the body for their nutrition and secretion. 
This dilatation and contraction is called the pulse, and is 
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perceptible in the trunks, and all the main branches of the 
arteries. 

Of the Veins. The blcKxl, having been conveyed by the 
arteries to the most extreme parts of the body for its 
nourishment and repair, requires to be returned back to 
the heart and lungs to be prepared for a new circulation ; 
for this purpose veins are provided. They commence from, 
or rather are continuous with the minute arteries ; and as 
they approach the heart, they run into larger but fewer 
tubes, till at last they terminate in it by six large trunks. 
Two of them empty their contents into the right auricle, 
the one collecting the blood from the vessels of the head and 
the upper extremities, while the other descends with it to 
the lower parts of the frame. These are loaded with venous 
blood, but the other four veins pour tlie blood from the 
lungs into the left auricle : this blood is now changed into 
a bright red colour, and is called arterial blood, because it 
has the appearance with which it is always found in the ar- 
teries ; so that in the lungs, the offices of the arteries and 
veins are transposed, the arteries conveying venous blood, 
while the veins are filled with arterial blood. The veins 
do not pulsate like the arteries; the blood, which the 
former receive from the latter, flows through them very 
slowly to the heart, to which it is conveyed chiefly by the 
contraction of the muscles, and among which they branch 
out ; it is, however, prevented from running backwards by 
valves, that constitute one great distinction between these 
vessels and the arteries. 

Of the Absorbents. These are thin pellucid vessels arising 
from the various parts of the surface of the body, and run- 
ning to a common trunk or tube, called the thoracic duct, 
because it lies principally in the thorax or chest, which 
empties itself into a vein a little before it comes to the 
heart. The absorbents are distinguished into two kinds, 
the lacteals and the lymphatics : the former absorb the nu- 
triment from the intestines, and convey it by the thoracic 
duct into the circulation; while the latter vessels take up 
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the colouiiess fluid, called lymph, and convey it from all 
parts of the body to the same points Thus the particles, 
which, from whatever cause, have been separated from the 
red circulating mass, and thrown out by the secreting or 
exhaling arteries, are absorbed, after having performed 
their duties, and are again conducted back by the lymphatic 
vessels into the circulation to mix with the blood ; and the 
lacteals, or absorbing vessels of the intestines, drink up the 
milky fluid formed from our food, and carry it to the 
heart and lungs to be changed into blood. Hence absorp- 
tion is a function necessary to the circulation, and highly 
essential to life; it supplies the constantly decreasing blood 
with new parts. Moreover the skin is full of small pores 
which are the mouths of the lymphatic vessels : through 
these are absorbed properties from the air, water, &c. 
which are conveyed thence into the system for refreshment, 
and also for the cure of diseases, as it is known that cer- 
tain medicines rubbed into the skin enter the body, and 
affect the whole system. But the grand and universal 
agency of our lymphatic system is the removal of old and 
useless parts, in order to make room for new ones ; and 
thus there is a general, though imperceptible renovation of 
all its parts, by which the health and vigour of the whole 
body are preserved. 

Absorption also assists very materially to remove those 
injuries which happen to the frame by accidents ; thus tu- 
mours, &C. are removed by the absorbents. Fluids issuing 
from a ruptured vessel will be absorbed and carried again 
into the circulation. Even parts, of the body which are 
diseased, or have their organization destroyed, will have 
the dead particles carried off by absorption, and thus make 
room for healthy depositions. The dark coloured spot 
which is left by a bruise is owing to blood having exuded 
from a ruptured blood-vessel ; and its disappearance is the 
effect of the action of the absorbents, which are operating 
at all times, and in every part of the body, in a greater or 
lesser degree. 
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Of the Glands. The term gland is applied to those 
organs of the bod}', which separate from the blood con- 
veyed to them by their blood-vessels various substances ge- 
nerally of a fluid nature, and discharge them through one 
or more tubes, named excretory ducts. The blood is com- 
posed of various matters which chemical examination can 
detect and separate, and which are undoubtedly employed 
for the renovation of the solids and fluids of (he body. It 
presents these to the various organs, which, by converting 
them into their own substance, derive the means of supply- 
ing the waste occasioned by the natural actions of the parts, 
or form from them various products distinguished by new 
characters. The former of these processes is nutrition or 
assimilation: the latter, secretion: they resemble each 
other in their commencement, in which (he organ, by some 
powers of nature peculiar to living bodies, selects from the 
blood such principles as suit their nature and functions, 
but they difier in the employment of what is selected, which, 
in the one case, is retained and assimilated to the already 
existing organization, and in the other it is applied to some 
other purpose. Glands are of two kinds, the small and 
the larger. 

Each small gland consists of an artery for supplying it 
with blood, and also for separating a particular kind of fluid 
from this blood ; next, of an excretory duct, or canal, 
which conveys away the fluid thus separated ; and, lastly, of 
a vein for returning to the circulation the blood remaining 
after the secretion has been effected. Of this simple kind 
are the generality of those small glands which are found 
under the skin, in the nose, mouth, eye, &c. ; and which 
by separating an oily or mucilaginous fluid from the blood, 
keep the parts on which they lie moist, prevent friction, 
defend them from the air, and the extraneous bodies that it 
may contain. 

The larger glands consist principally of an aggregation 
of small ones : but they have some peculiarities of general 
structure. This process of separating various bodies from 
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the mass of the blood is a most important function ; for in 
&ct erery animal production is a secretion, whether there 
be, or not, a complicated apparatus for forming iL Thus 
the bone and the muscle are as strictly secretions as the 
bile, the tears, &c. ; only in the latter case, for the purpose 
of compactness, or because the secretion is wanted in one 
spot for a specific purpose, the apparatus for producing it 
is limited; while in other instances, the substances are 
formed in many parts of the body. 

In general, the substances which are secreted by the 
glands are of immediate use in the animal system : but there 
are substances termed excretions, separated from the blood 
as useless or noxious ; such is the perspirable matter, and 
some others. 

The manner in which the glands effect their secretions is 
wholly unknown. They are composed of similar vessels, 
have a common fluid to secrete from, nevertheless they 
separate from the same fluid, the blood, substances wholly 
difiering from each other. The secretions themselves* do 
not exist in the blood, although the elements do, and many 
of them are totally unlike to any thing in the circulating 
fluid ; sych is the bile, the fat, &c. We have seen in 
the chapters on Chemistry that all animal and vegetable 
substances are resolvable into a few simple ones : and we 
have also seen, that a slight variation in the proportion of 
the ingredients of a compound body, and such are all ani- 
mal substances, will totally change the character 'of tlie 
newly formed matter. We may therefore infer, indeed it 
18 a necessary consequence of what has been said, that the 
human body is a complicated laboratory ; in which, changes 
the most important are incessantly taking place, partly of a 
chemical, and partly of a peculiar nature, resulting from 
the principles of life. 

Of the Organs of Respiration. These are the 
windpipe, lungs, diaphragm, ribs, and numerous muscles. 
Respiration consiste in drawing a certain quantity of air 
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into the lungs, and throwing it out again alternately. 
Whenever. this function is suspended, but for a short time, 
the animal dies. 

The trachea^ or windpipe^ by which tlie air is couveyed 
from the mouth and nostrils into the lungs, is formed of car- 
tilaginous rings, and an elastic ligamentous membrane. 
The rings are intended to keep the area of the circle con- 
stantly open. The upper part of the trachea is formed for 
producing the voice, and has a small thin cartilage placed 
over the mouth of the tube, which occasionally shuts down, 
and closes the passage of the lungs, as in the act of swallow- 
ing. From this part the air-pipe descends along the fore 
part of the throat, till it passes into the cavity of the chest, 
to enter and be ramified through the lungs ; its internal 
surface is kept constantly moist by a mucus, which is potu*ed 
out from small glands, every where existing on the mem- 
brane lining this tube. When the air-pipe has nearly 
reached the lungs, it divides into two great branches ; one 
of these go to each lung, and is distributed through the 
whole substance in an almost infinite number of ramifi- 
cations. These small branches terminate in innumerable 
cells that communicate with each other, and give the lungs 
the appearance of a honey*comb when it is cut through. 

The /ungx are the principal organs of respiration ; they 
are two in number, the one occupying the right, and the 
other the left cavity of the chest: but they respire by one 
common tube, the windpipe. 

The diaphragm is a strong muscle that divides the chest 
from the abdomen ; and which can act with great power in 
enlarging the cavity of the chi^t : it is convex towards the 
lungs, and concave below; when it contracts its surface, it 
becomes nearly flat, and of course the chest is deepened. 
At the same instant, the muscles between the ribs contract, 
and raise the lower ribs. When they are raised, they are 
so contrived as to be drawn outwards, and the cavity of the 
chest is dilated laterally. Thus, when we respire, the chest 
is enlarged in all directions. The lungs are suspended in 
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the cavity» and follow all the motions of the parts which 
inclose them ; for when the pressure of the ribs is removed, 
the air which they contain expands by its elasticity, and 
the external air rushes in to restore the balance. The 
lungs are now in a state of inspiration, and they are emptied 
by the following process. 

When the diaphragm contracts, it would lessen the ab- 
dominal cavity, as much as it enlarges the chest, if its loose 
inclosure did not give way by protruding. Tliis protrusion 
excites the abdominal muscles to re-act ; their contraction 
pushes up the now relaxed diaphragm into the chest, and 
as they are attached to the lower edges of the ribs, they 
pull them down with great power, and thus lessen the 
cavity of the chest. The lungs are compressed, and the 
air, which they had just received, is now expelled. This 
is expiration. 

The alternate dilatation and contraction of the chest pro- 
ceed uninterruptedly from the moment of birth to the end 
of life ; and in a healthy adult they are repeated about 
fourteen times in a minute, so that each act of respiration 
corresponds nearly to five pulsations of the heart. In the 
act of inspiration, a quantity of atmospheric air is received 
into the lungs, and retained there for a short time ; when 
expired it is found to be altered in its composition : it has 
lost a large part of its oxygen, and it now contains a quan- 
tity of carbonic acid. These changes are inseparably con- 
nected with the conversion of the venous into the arterial 
blood ; for in passing through the lungs it decomposes the 
air, imbibing the oxygen, and throwing off the azotic gas. 
See Chemistry. 

Of the Organs of Digestion. These occupy the 
great cavity of the abdomen, and are principally the sto- 
mach, the intestines, the liver, and pancreas. 

The stomach is a sort of large bag for receiving the food; 
it is situated a little below the diaphragm, or that muscle 
within the body which divides the cavity of the chest from 
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that of the abdomen, %nd has two muscular tubes ot pipes 
opening into it; one of these leading from the back part of 
the mouth down through the chest, opens into this organ 
at the left side. This tube is called the asophagus ; it runs 
between the air-tube and the spine, and conveys the food 
from the mouth into the stomach. From the right orifice 
of the stomach arises the other tube, which is intended to 
convey away the food after a certain time ; this tube consti- 
tutes the intestinal canal. From the internal sur&ce of the 
stoniBch there is a fluid constantly secrethig, called the 
gastric juice, which has the peculiar properties of dissolving 
and attenuating the food before it passes into the intestines. 

The intestines consist of a long membranous and mus- 
cular canal, which arises from the right orifice of the sto- 
mach, and is five or six times the length of the body which 
contains it, forming many circumvolutions in the cavity of 
the abdomen, which it traverses from right to left, and 
again from left to right Soon after the intestinal canal 
goes out from the stomach, an oblique opening may be per- 
ceived, by which the fluids from the liver and pancreas are 
poured into it for the purpose of mixing with the food as it 
passes downwards | and that the descent of the aliment may 
not to be too rapid, by which the system would be deprived 
of a supply of nutrition sufficient for life and health, the 
inner coat of the intestine is of a villous structure, and ad- 
mirably calculated to retard the progress of the food, till the 
whole of its nourishing properties is extracted, and absorbed 
by proper vessels. 

The food, which is reduced by the gastric juice and by 
the action of the stomach into an homogeneous mass, called 
chyme y enters the intestine, where it undergoes a farther 
change, and becomes chyle. It is propelled along the canal 
by the muscular coat of the intestines, while the villous 
tunic absorbs from it the nutritious particles ; the residue 
of the alimentary matter is sent into the larger part of the 
intestine, from which, in due time, it is expelled. 
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The liver is the bu^gest gland in the body, and is intendied 
to secrete a dark coloured fluid, called bile, and for this 
purpose it is supplied with a large quantity of blood. 
Almost all the veins of the other viscera of the abdomen; 
uistead of sending back dieir blood to the heart, by the 
great returning veins, run forwards to the liver, wh^re they 
unite in one trunk, called the vena portoj and which soon 
after enters this gland, and is ramified throughout its sub* 
stance. Here this great vein performs the office both of an 
artery and a vein ; for like a vein it returns the blood from 
the extremities., while as an artery, it accomplishes secretion. 
Besides the vena portUj which furnishes the materials for 
the secretion of bile, the liver has an artery of large size 
for the purposes ef nutrition. 

The bile, after being separated firom the mass of blood 
in tlie liver, is conveyed by very minute excretory duets 
into larger ones, which also convey it into one great chan-' 
nel tliat opens into the intestine not far from the stomach. 
There is attached to the lower part of the liver a little mem- 
branous bag, which contains a portion of bile secreted in 
the liver ; its neck is continued in the form of a canal, 
running, to unite with that of the liver ; when both enter 
the intesUne, and pour in their contents by a common 
opening. The bile, is supposed to assist in the conversion 
of food into chyle: it certainly stimulates the intestines to 
act; for when the entrance of bile into the intestines is 
prevented by gall-stones, or when there is a deficiency of 
bile, the body is constantly costive. The liver and the 
gall-bladder, from their situation, .will be most pressed, and 
consequendy give out most bile, when the stomach is 
fullest, which is the time that it is most wanted. 

The pancreas, or sweet-bread, is a kind of salivary gland, 
and secretes a fluid by means of a duct which enters the 
intestine, together with the biliary canal. 

Of digestion. The food having been sufficiently divided 
in the mouth, by the action of the teeth and saliva, passes 
in the form of a pulp through the-cesophagus into the sto- 
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mach : here it undergoes a constant agitation by meaois of 
the abdominal mnscles> of the diaphragm in breathiiig, and 
by the motion of the muscular fibres of the stomach itself. 
Thus, by these continued movements^ every part of the 
food is exposed to the action of tlie gastric juices whidi has 
the power of farther dissolving it, before it passes into the 
intestines. It remains in the stomadi two hours or mor^ 
and is in that time, converted into . a greyish pulp, called 
chjpne^ when it passes out by the right orifice of the stomach 
into the intestinal canal. Here, as the digested food passes 
along, it receives firom the mouths of the ducts, opening 
into the intestine from the liver and pancreas, a lull supply 
of bile and saliva. Thus diluted with these, and other fluids 
received from innumerable exhalant arteries, the chyme is 
in part changed in the intestines into a milk-like duid, 
called chyle, which is separated from the general mass, as 
it passes slowly along the intestinal tube, in which this 
milky fluid is absorbed by numerous small vessels, called 
lacteals : the residue as useless to the system, is, as we have 
observed, carried away. 

From the intestine, the lacteal vessels convey the chyle 
along a membrane called the mesentery, and which extends 
fi*om the intestine to the spine, for the purpose of sustaining 
the former in its proper place. Passing through this mem- 
brane, the lacteals run onwards to the tlioracic duct, lying 
chiefly in the chest; and which, after receiving the com- 
municating branches from the whole absorbent system, 
opens into a vein near the heart. Into this duct the lacteals 
empty their contents, which soon after mixing with the 
lymph, conveyed likewise to this tube from various parts of 
the body, both fluids are carried along the sud thoracic 
duct to its opening into the vein, and there are poured 
together into the circulation. The chyle mixing with the 
blood, becomes soon assimilated : from the vdn where it 
enters, it is carried directly to the right side of the heart, 
where it is driven into the lungs, to imbibe the oxygen of 
the atmospheric air, and to part with some of its carbon. 
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Returning to the heart again, now formed into perfect or 
arteiialUood, it is forced by the left side of this organ along 
the arteries, to distribute nourishment to every part of the 
animal machine. 

The kidneys are intended to drain the system of its re« 
dundant water ; for this purpose a considerable poi'Uon of 
the blood is constantly passing into them by a branch of 
an artery : here it undei^goes a change, having its super* 
flaous water separated; and it is then returned to the 
general drcuhition, by means of a vein which goes to the 
great ascending vein of the body. The water bdug sepa- 
rated from the blood, is carried by means of canals into 
the bladder, where it remains till such a quantity be col- 
lected as b suiBcient to induce an irritation that leads to its 
expulsion. The .canals that convey the water from the 
kidney to the bladder are called ureters, and, by a very 
simple mechanism, they convey their contents into the 
bladder without a possibility of regurgitation, merely by 
passing obliquely about half an inch between the muscular 
and inner coats of that organ, which oblique entrance 
answers every purpose of a valve. 

Of the Integuments of tHe Body. The human 
body is protected by a strong pliable and sensible covering, 
which not only defends the parts beneath from external 
injfury, but gives symmetiy and beauty to the figure. This 
covering consists of several parts, which we shall enumerate^ 
and briefly describe. 

Of the cellular Mendirane and Fat. Between the skin 
and the muscles, or flesh, and between the fibres of each 
muscle, there is interposed a loose, oily substance, com- 
posed of a cellular texture and Sat. The latter is fluid in 
the body, and is deposited in the cells of the former, for 
fodlitating muscular motion. The cellular membrane which 
contains thb fiit, is not confined to any particular part, bat 
exists at every point of the body. It serves a&:a bond of 
union, by tymg arid fastening all the parts together, yet iii 
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such a manner as not to prevent or obstruct their necessary 
motions. Fat is deposited very uitequally throughout the 
body, but it is always found where it seems to be most 
wanted. It fills up the chinks and crevices of the musdes» 
and it gives that gently undulating outline to our bodies, 
on which the beauty of the human form depends. It un- 
doubtedly answers many other purposes. It is supposed 
to accumulate in health and middle age for the supply of 
the system wh^ other sources fiul. Heooe it is absoibed 
in disease, and taken up into the circulation. In old age 
its quantity lessens when the appetite and other functions 
fiul. 

Of the Skin. The skin of the human body consists of 
three separate parts or layers, which lie in dose contact with 
each other, and adhere, by means of numerous small vessels 
and fibres, which pass from one to the other. The first 
layer, called the cutisy or true skin^ is spread inunedtately 
upon the fiitty membrane just described, and is always white, 
whatever the complexion may be. This skin is veiy vas- 
cular, and is endowed with exqui»te sensibility, being sup- 
plied with numerous nerves, whose papillae stand out, and 
are the seat of feeling. It is extremely elastic, as in 
the dropsy it will stretch out very far, and return again 
with healdi, nearly to its natural dimensions. Under the 
inferior surfiu^e of this skin there are situated numerous 
small glands, which secrete an oily fluid, poured out upon 
the external suriace of the skin by means of excretory 
tubes, to keep it sofi; and flexible. It is this skin in animals, 
which, when prepared by tanning,' constitutes what is called 
leather. 

Immediately on the suriace of the true skm, between it 
and the cuitde or scarf-skin, is inteiposed a mucous sub- 
stiinee^ on which depends the colour of the body. Exter- 
nally to diis jnucous membrane lies the cuticle, or scarf- 
skin, which is a fine, transparent, but insensible membrane, 
every wh^re investuig the body, and is the p«rt of the skin 
which is raised in the form of bladders, by the operation of 
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fire or a blbter. The use of this last covering of the body 
is to protect the delicate nervous fibres, which stand out 
from the true skin, from the external air, and to modify 
their too great sensibility, by interposing itself between 
them and the body in contact The cuticle is perforated 
by innumerable pores, for the passage of the perspirable 
matter. 

Of Perspiration. An important office of the skin, is to 
exhale from the body a part of the watery fluid which it 
contains ; and for this purpose it has innumerable excretory 
vessels Opening upon its surface. This exhalation, though 
frequently inJsensible, is perpetually going on, as will be 
evident, by plunging the naked arm into a long, but per- 
fectly dean and dry glass receiver. The vessel will soon 
lose its transparency ; and if the arm be kept in it some 
time, streaks of moisture will trickle down the sides of the 
glass. Hence it is evident, that the matter of perspiration 
has water for its basis, and that this water is perpetually 
flying off in subtle vapour; or when the action of the per- 
spirable vessels b increased either by exercise or heat, the 
perspiration becomes mor^ sensible, and is seen to exude 
from the skin in large quantities. One of the great uses of 
perspiration is to regulate the system, by keeping up a 
constant evaporation. 

Of the Hair and Nails. Hairs consist of an insensible 
excrescence produced from the cutis. Each hair grows 
from a small bulb, and is lengthened by means of additions 
made to it in the bulb. The bulbs, when viewed with a 
microscope, are found of various shapes. In the head they 
are roundish, and in the eye-brows ovSl. Each bulb seems 
to consist of two membranes; between these there is a 
certain quantity of moisture. Within the bulb, the hair is 
separated into three or four smaller fibres. The bodies of 
the hairs, that is, the parts without the skin, vary in soft- 
ness and colour, according to the difierence of climate, age, 
temperament of the body, &c They afibrd a light and 
ornamental covering to the head ; and, as in the case of 
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the eye-fids and brows, serve as a defence to the de^cate 
organs of vbion; and they frequently adorn the figure by 
the richness of their colour, and the beaudfbl tresses liriiich 
they form. 

The fiiuls are hard, and partly transfiarent, like horn. 
They seem to possess'many properties in common with the 
scarf-skin ; like that substance, they are neither vascular 
nor sensible ; and when the scarf-skin is separated from the 
true skin, by maceration, or otherwise, the nails frequently 
come away with it. In each nail we distinguish three parts, 
the root, the body, and the extremity. The root is a soft, 
thin, and white substance, terminating in the form of a 
crescent ; the scarf-skin adheres very strongly to this part; 
the body of die nail is broader, thicker, and apparently of 
a redder colour; and the extreini^ is pf still greater firm- 
ness. Nails increase from the root, and not fiom their 
upper extremities. Their principal use is to cover and 
defend the ends of the fingers and toes from external injury, 
and to strengthen those parts, and prevent their bending 
backwards, when applied with force against any hard re- 
sisting body. 

The foregoing sketch or outline respecting the structure 
and functions of the human body may, it is presumed, with 
the subjoined plates, be considered as an introduction to a 
study, that cannot feil to be interesting to young persons, 
who have had no previous ]>portunity of considering the 
subject. It will also^ it is iioped, oe ccmsklered as a proper 
introduction to Dr. Paley*s wwk, on " Natural Theology," 
which cannot be recommended too strongly. Those who 
would enter fiurther^mto the subject of Anatomy, and yet 
who do not pursue it professionally, will find an interesting 
article in Nicholson's British Encyclopaedia; and a still 
larger account, in a work entitled " The Popular Com- 
pendium of Anatomy, &c. By William Burke." To both 
these, as well as to the " Natural Theology," this part of 
our own volume standa considerably indebted. See plates 
on this subject at the etid of the volume. 
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A LETTER 

From a Father to his San^ on the Evidences of the Truth of 
the Christian Religion. 



My Dear Son, 

You will not be surprised, that in the present circiini- 
stanees I address you in a tone more serious tlian usual. 
In the course of a few days you will quit the parental roof; 
and, free from the immediate restraint of a iatlier's au- 
thority you will enter into a situation in life in which your 
conduct will be necessarily left, in a great degi'ee^ to the 
guidance of your own discretion. Tliough I have happily 
no occasion to question the general excellence of your dis- 
positions, your natural good sense will suggest to you that 
this is to me an anxious moment. May I indulge the hope 
that you participate in my feelings ? Elated as you in all 
probability are^ at the prospect of extended freedom and 
independence of action, I could wish you to pause for a 
moment before you commence your new career, and ma- 
turely to reflect upon the perils to which you will soon be 
exposed. The hazards to which inexperienced youtlis are 
subject, on their introduction to an extensive intercourse 
with the world at large, constitute a subject of daily remark, 
and afford a copious theme to the moralists with whose 
writings I have endeavoured to render you familiarly ac- 
quainted. With a view of obviating these hazards, I have 
not only inculcated upon you the precepts of the moralists 
in question, and, from time to time, as occasions occurred, 
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pointed out to you in living instances the evil consequences 
cesolting froni an early indulgence of vicious propensities' 
^-but I have ako endeavoured to enforce my admonitions 
on moral topics by what I regard as the sacred sanctions of 
the Christian Religion. 

I foresee, however, the possibility of your being, occa- 
sionally at least, obliged to mix in societies in which these 
sanctions are not treated with the respect to which you have 
been taught to think them entitled* In the intercourses of 
life you will, in all probability, meet with individuals, if not 
with classes of the community, by whom the system of Chris- 
tianity is not held in the reverence which is due to it, if it 
is in reality what its first founder declared it to be, a code 
of laws for the direction of human conduct, derived from 
tlie inspiration of the Deity, and established by divine 
authority, as enforced by the revelation of doctrines too 
sublime in their conception to be attained by the boldest 
flights of unassisted reason. With persons of this descrip- 
tion I do hot wish yon to provoke any avoidable discussion. 
Even with respect to those who entertain serious views, 
experience proves that it is extremely difficult to carry on 
religious controversy with candour and good temper ; and 
as to the flippant and profligate polemic, I could not wish 
yon with such a character, unnecessarily, to enter even into 
the intercourse of hostility. I should be sorry, however, 
^vere you, on just occasions, to decline the contest through 
want of the necessary weapons of defence. Still more con- 
cerned should I be, were your own belief in the truth of 
Christianity shaken, in consequence of your ignorance of 
the nature of its Evidences. On this account, I think it my 
duty as a parent to lay before you a sketch of those Evi- 
dences, whicit I must desire you to read with care, and to 
examine with impartial, but with serious attention. I say 
emphatically, with serious attention. For though the prin- 
ciples of Religion are subjects of. rational inquiry, in a most 
important particular they difler in quality from the abstract 
truths of the Mathematics. In the investigation of the latter, 
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nothing is requisite but a clear head — to the profitable dis* 
cussion of the former, it is necessary that acutebess of 
understanding should be united with ingenuousness of 
heart. 

In stating the evidence which has beert adduced in proof 
of the diyine origin of Christianity, I woald, in the first 
place, propose this prelimihary inquiry -~ is there any thing 
antecedently improbable in the assertion upon which it rests 
its claims to the notice and belief of rational beings ? The 
Christian religion is founded upon the assumption, that at 
a certain period the human race were grossly ignorant of 
the great principles of moral and religipus duty ; and that, 
prompted by his essential benevolence^ the Deity vouch- 
safed, by an extraordinary interposition of his providence, 
to dispel that ignorance by the special communication of 
the most sublime and momentous truth. Now, is not the 
former part of this assumption justified by the fiust?— Is 
not the latter strictly consonant with the purest and the 
most enlightened notions which have ever been conceived 
of the nature of the Godhead ? 

In reply to the first of these questions, I would appeal to 
your recollection of History ; I would refer to your know- 
ledge of the sentiments and conduct of the ancient world. 
1 believe it is at present universally acknowledged, that 
right apprehensions of the being and attributes of God are 
essentially necessary to that sense of our subordination to 
his will, and to that acquaintance with the general laws of 
his government, which constitute the surest foundation of 
the principles of morality. And how vague and indistinct, 
how degrading and how impious were the notions of the 
. ancients upon this, the most important of all the topics 
which call into exercise the faculties of the human mind 1 
To say nothing of the idolatrous worship, which, in the 
earlier stages of society, and in the less civilized states whose 
history has descended to modem times, was paid to the 
heaveply bodies, to the element of fire, to beasts and 
fishes, to the vilest reptiles, and even to the workmanship 
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of human liands —reflect for a moment upon the state and 
the extent of religious knowledge in the polished republics 
of Greece and Rome. However elegant may be the re- 
ceived mythology of those nations^ when considered as a 
play of the fancy/ and as adorned by the fictions of the 
poets, what rational being can now contemplate it, widi any 
other sensations than those of surprise and humiliation, 
when regarded as interwoven, as a subject of faith, into the 
texture of the civil institutions of the most powerful and 
the most' enlightened communities which existed on the 
surface of the globe ? The religious notions of the ancients 
were debased by the gross errors of polytheism. Whatever 
might be the private opinion of the solitary speculatist, the 
people at large paid adoradon to ^ the deities of a thousand 
streams and a thousand groves*** • By the caprices of a 
fertUe imagination, or by the terrors of superstition, to their 
credulity, deities were multiplied without end. And as 
they ascribed to the gods, which were the subjects of 
pcqmlar belief, the most lamentable feelings, and the most 
degrading passions of humanity, the rights of their worship 
were in some instances ridiculous by their folly ; in others, 
disgusting and horrible on account of the vices and cruelties 
which were practised in their performance. Whether the 
true believer celebrated the games of Flora, or whether on 
some pressing emergency he anxiously traced the destinies 
of the republic in the palpitating entrails of a human victim, 
religion was to him the incentive to criminal indulgences, 
Qiid to atrocities of the blackest dye. 

And as religious ceremonies c6nstituted in the heathen 
world a part of tlie civil institutions of the states in 
which they were respectively observed, this circumstance 
presented an invincible bar to religious reformation. It was 
deemed by the ancients so decidedly the dictate of policy to 
support the institutions of their ancestors, — that men of 

* Gibbon's History of the Decline and Fall of the Romaii Eoipire, 
vol. 1. p. 47. octavo edition. 
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the most oilightened understandings regarded it as their 
duty, implicitly to conform, in religious matters, to the pre- 
scriptions of tfa^e civil magistrate. Hence the revolting 
Spectacle of the infidel priest leading hi solemn procession 
the credulous multitude, and uttering for their professed 
benefit, those praises and prayers which were to hiinself the 
secret subjects of scorn and contempt. In these circum- 
stances the researches of philosophy were of little or no 
utility* They were refined, obscure, and subtle in their 
process, and terminated in results which were by no means 
distinct, or satis&ctory to the inquisitive mind. The nature 
of the Deitjr was a theme which eluded the comprehension 
of the most sagacious, who, in treating of such high matter, 
lost themselves — 

** In thoughts above the reaches of their souls." 

Thus bewildered and perplexed, the most feshionable 
sect of philosophers cut the Gordian knot of metaphysical 
difficulty; and denying as they did the agency of the Divi- 
nity in the affairs of this lower world, they disguised their 
speculative Atheism, by a ready conformity to any system 
of religious rites in which the occurrences of life called 
upon them to participate. Thus, as Mr. Gibbon has ccm- 
cisely stated' the fact, the various modes of worship which, 
before the birth of Jesus, prevailed in the heathen world, 
*< were all considered by the people as equally true, by 
the philosopher as equally &lse." * And when he adds to 
this statement, that they were regarded << by the magistrate 
as equally useful,'' he intimates his opinion, and in that- 
opinion he is decidedly correct, that the great and the power- 
ful among the ancients looked upon religion in no other light 
than as an engine of civil policy, as a means of infusing 
salutary terror into the vulgar, but a subject of contempt to 
men of cultivated understanding. 

In strict connexion with right apprehensions of the being 

♦ Decline aiulFall, vol. l. p. 46. 
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and attributes of God, a belief in a futare state of moral 
retribution may be mentioned as holding out a most power- 
fid encouragement to the exertion of virtuous principles, 
and as operating by a most salutary restraint on vidous 
propensities. But in reference to the heathen worid, on 
this topic also^ scepticism and infidelity prevailed amongst 
the more intelligent and the higher (orders of the community. 
Nor were this scepticism and infidelity confined to the 
superior classes of sodely. On the subject of a future state, 
the lowest vulgar might perhaps be abused by the vain 
dreams of an undisciplined imagination, which are displayed 
in the records of the heathen mythology. But these puerile 
conceptions were too gross to impose upon the general 
mind. The language of popular poetry is the vehicle of 
popular sentiments. And what topic is more frequently 
touched upon by the poets of antiquity, than the various 
feelings which are naturally excited by the *^ eternal sleep 
of death," to which they regarded every human being as 
doomed by the necessity of nature ? In addition to which, 
I would call to your recollection the deliberate profession of 
his disbelief in a future state made by Julius Caesar in the 
open senate, in his celebrated speech against the infliction 
of capital punishment on the accomplices of Catalme. The 
historian who records this profession, does not stigmatize 
it with any mark of reprobation ; nor does he intimate that 
it was received with any tokens of alarm or . surprise. In 
short, it was nothing more than the current sentiment which 
constituted the fashioa of the day. •• 
• When we consider how difficult it is, even with the aid 

* I speak of this profession as having been actually made by Csesar, 
as Sallust was his conteniporary, and had the means of becoming ac- 
quainted with the leading topics of hb speech. If it be said, that, like 
the orations of Livy and of other ancient historians, it is merely the 
production of fancy, still it may be observed, that an author of Sal- 
lust's eminence must have written in character, in consistency with the 
habits of the persons and times of which he treats. In either case my 
argument holds good. 
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of the most awful sanctions, to restrain that impetuosity of 
the passions which continually tends to impel mankind to 
evil, what unhappy results must be expected where these 
sanctions are wanting ? And it will be found upon inquiry, 
that however sinister may be the conjectures which force 
themselves upon the mind on the statement of such a case, 
they are fully justified by the actual condition of the heathen 
world antecedently to the birth of Jesus, as it is described 
by the pen of the impartial historian, of the indignant 
satirist, or of the patient investigator of the moral state of 
mankind. On this subject a melanchofy abundance of 
materials would enable me to enlarge. But I willingly 
spare your feelings the recital of the particulars of atrocity 
and guilt You are sufficiently conversant with the writ- 
ings of antiquity to be well aware, that, at the period to 
which I allude, the consequences of a wretched theology 
were, as the learned Mosheim asserts, " an universal cor- 
ruption of manners, which discovered itself in the impunity 
of the most flagitious crimes.'^ Whosoever is intimately 
acquainted with the public and private history of the proud 
republic, and of the nations subject to its dominion^ which, 
at the time of the birth of Jesus, constituted the whole of 
the civilized world, will be obliged to confess, that the 
odious picture of their manners and conduct presented in 
the first chapter of Paul's epistle to the Romans, dark as it 
is, exhibits the faithful colouring of truth. 

Such being the condition and circumstances of mankind 
at the period immediately antecedent to the Christian aera, 
is there any thing inomsistent with the notions respecting 
the Deity entertained by the most intelligent theists, in the 
assertion, that he then interposed to dissipate the Uarkness 
which was spread over his moral creation, by the difiiision 
of the rays of truth ? The instruction of the ignorant, and 
the reformation of the guilty, are r^;arded as the most 
exalted aims; and, when efiected, as the happiest and the 
most glorious results of human intellect The man who, 
even on the smallest scale, exerts his talents for the pro- 
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motion of this worthy end, is deservedly held by die wise 
and good in high esteem. By this criterion we must dedde 
upon the imputed conduct of the Deity. As a moral agent, 
we can only humbly judge of his operations by that sense 
of moral rectitude, which he has either primitively im* 
pressed upon our minds, or which he has enaUed us, by 
the cultivation of our intellect, gradually to acquire. If it 
be granted then,' as I apprehend it must be granted by those 
who m»ntain the principles of the purest Thdsm, that God 
is eternal truth, and that his benevolence is unbounded, 
what condition or predicament of human existence can be 
imagined as more likely to give occasion to his gracious in* 
terference, than a state of the most deplorable ignorance? 
What gift can be conceived more worthy of his benevolence 
to bestow, or more fit for his rational o&pring to receive^ 
than the communication of a knowledge of his nature and 
qualities, and of his supreme will and pleasure «-* that is to 
say, of their duty as rational, moral, and accountable 
beings? 

I trust, my dear Son, that upon due consideration, you 
will find nothing unreasonable in the abstract idea of such 
an interposition as I have described. On the contrary, 
I trust that you will be convinced that the probability lies 
on the side of its occurrence. It would be inconsistent 
with the profound reverence which we owe to the Divine 
Being, to say that it was incumbent upon him thus to in- 
terfere : but this we may safely assert, that the notion of 
such an interference on his part, is in exact harmony with 
the notions pf his attributes which we gain by the contem- 
plation of his works, and by our sense of the operations of 
his providence, as exemplified in the particular and in the 
general history of Man. 

But shall it be said, that tlie instruction of mankind upon 
the momentous subject of their duty and expectations as 
moral agents, is indeed an interposition worthy of the 
Deify ; but that in the efiecting of this gracious and glorious 
purpose, it cannot be reasonably supposed that he would 
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adopt any other than ordinary means ? I state this objec- 
tion at once in its most forcible and in its least c^ensive 
form. For with regard to those who deny in the abstract, 
the possibility of all miraculous interposition on the part of 
the Deity; in thus limiting the divine power, they are 
chargeable with a presumption so unbecoming the vener- 
ation with which Man ought at all times to look up to his 
Maker, that 1 have little apprehension of the impression 
which their opinions may make upon your mind. You are 
well aware that no idea can be conceived as limitable of the 
divine power, which does not, in the very terms of its ex- 
pression, involve a contradiction. But there is certainly 
no contradiction in the supposition, that the Being who 
created, can destroj' ; or that He who framed, in his inef- 
fiible wisdom, those general laws by which this lower world 
is governed, has the power, for the furtherance of some 
benevolent purpose, to suspend, and even to alter them at 
his pleasure. Granting, then, that special and miraculous 
interpositions on the part of the Dei^ are possible, I would 
recur to the query which I lately proposed. I would modify 
and extend that query. I would ask, did there occur at the 
time when Jesus was bom ** dignus vindice nodus ?** Did a 
state of things then occur, which rendered the miraculous 
interposition of the Divine Being probable ? — In answer^ 
ing in the af&rmative, I must remind you, as the grounds 
of my opinion, that the moral disease, with which mankind 
were then afflicted, was a desperate one, and seems to have 
required the applicaition of uncommon remedies — that 
ordinary means had been found decidedly inadequate to 
the accomplishment of the desired effect — and that there- 
fore, in reference to the unbounded power of the Almighty, 
as exerted in strict conjunction with his other attributes, 
there is nothing contradictory to the sound principles of 
right reason in the persuasion, that in the mission of Jesus 
he specially interposed for the communication of moral and 
religious truth. 
That he did thus interpose, is the main and leading as- 
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sertion contained in those books of the New Testament, 
which are generally received among Christians as of canon- 
ical authority. Had this assertion been in the terms of 
its enunciation manifestly absurd, or inconsistent with the 
known principles of the divine agency, its authority would 
not have merited any attention approaching to a detailed 
examination. The question as to its correctness or incor- 
rectness would have been, 2t priori^ decided at once. But 
in the persuasion that the way to further investigation has 
been cleared by the previous consideration, not only of the 
possibility, but also of the probability, of the special inter- 
ference of the Divine Providence for the diffusion of the 
true principles of religious belief, I shall proceed to point 
out to your notice the general heads of the evidence which 
has been adduced, to prove, that by such interference^ the 
Christian system was propounded and established. 

The first step of our extended inquiry will be a brief 
examination into the authenticity of the record to whicli 
Christians appefd in vindication of tlieir persuasion, that 
Jesus of Naxareth is ^' the Way, the Truth, and the Life'' 
— that he was specially commissioned by the Deity to com- 
municate to mankind a pure system of religious belief and 
a perfect code of laws for the regulation of moral practice. 
The record in question consists of the four Gospels, con- 
taining the history of the birth, the early years, and the 
public ministry, of Jesus — of the Acts of the Apostles ; or 
.the transactions, the labours, and the sufferings of his first 
disciples — and of the Epistles, or public and private letters 
of bis immediate successors, which exhibit an exposition of 
the leading doctrines, and of the important principles which, 
with a view of promoting the moral and spiritual improve- 
ment of mankind, he thought it necessary to inculcate. 
That these books are genuine, that they were really com- 
posed by the authors whose names are prefixed to them, is 
winced from the following considerations : — that they are 
referred to as the admitted rule of faith and practice by the 
most ancient writers upon Christian theology, commonly 
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known by the appellation of ** the Fathers,'' — that they 
are thus quoted by the successors to these writers fai after- 
ages, in an unbroken series, down to the latest times, — that 
under the above-mentioned description their arguments 
were impugned by the first enemies of the Christian doc- 
trine, and defended by its earliest friends. Even the col- 
liaidit df sects, which has been unreasonably all^fed as 
matter of reproach to the Christian profession, collaterally 
furnishes a satisfactory proof of the genuineness of the re- 
ceived Scriptures of the New Testament. For, generally 
speaking, however these sects may differ, they refer to those 
self-same Scriptures as authority for their various tenets ; 
whilst that unremitted watchfulness, which was the result 
of their mutual jealousy, precluded the possibility of &lsi- 
fication, or of any material error in the exemplification of 
those records, which were the subjects of constant examin- 
ation and discussion. In short, whosoever receives as 
genuine the received copies of the histories of Thucydides 
or of Livy, or of the Letters of Cicero, or the Younger 
Pliny, must upon the same principles, but upon much 
stronger grounds, acknowle<^ as genuine the received 
copies of the books of the New Testammt * 

This point indeed is so clearly ascertained by the learned 
labours of judicious divines, that it has never been any 
otherwise than very fiuntly controverted. I shall proceed 

* With reflect to the Canon of the New Testament, it has been 
justly observed by Dr. Paley, that ** Christian writers and Christian 
churches appear to have soon arrived at a very general agreement upon 
the subject, and that without the interposition of any public authority. 
When the diversity of opinion which prevailed, and prevails among 
Christians in other points, is considered, their concurrence in the canon 
of Scripture is remarkable, and of great weight, especially as it seems to 
have been the result of private and free inquiry. We have no know- 
ledge of any interference of authority in the question, before the council 
of Laodicea in the year 363. Probably the decree of this council rather 
declared, than regulated the pubUc judgment, or more properly speak- 
ings the judgment of pome neighbouring churches, Scq^ Palc> N Jvvi- 
dences, vol. i. p. 166. 

VOL. II. P 1* 
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then to assist you, my dear son, in discussing another irery 
impoiPtant topic of consideration, namely, the claims of the 
crangelical historians to credit on the part of reasonable, 
inteQigent, and impartial inquirers. Now these claims must 
rest upon exactly the same prindptes as those of other Jiis* 
torians and biographers, or of other narrators of alleged 
facts. This is a circumstance which is too frequently over- 
looked by the overweening zeal of fiuth, and the decisive 
flippancy of infidelity. It is, however, in my opinion, aa 
incontrovertihle maxim; and as such I shall endeavour to 
apply it to the case now under examination. And in the 
proposed application, there immediately suggest themselves 
to the mind two leading queries — Regarding the truth of 
Christianity, as mainly resting upon the credibility of the 
four evangelists, what c^portunities had they of becoming 
acquainted with the transactions of which they give an ac- 
count ? — and from what appears of thdr characters and 
dispositions in their writings, and in their individual history, 
by what views and dispositions were they actuated in* com- 
posing the works which are circulated under thdr names? 
To state the question more shortly, were they themselves 
deceived as to the events which they record ; or did they 
wilftdly, and for crodced purposes, set about to deceive 
others? 

In r^rence to the first of diese heads of inquiry, it is 
obvious to remark, that Matthew and John were of the 
number of the chosen fiiends and associates of Himi whose 
history they relate. 

They were constant attendants on his ministry. 

They aceompanied him from place to place. 

They were the witnesses of all his proceedings. 

In public they were uniformly found attendant upon his 
person ; and when, either for the purposes of safety, or 
with a view of checking the zeal, of worldly-minded igno- 
vance, he withdrew, as he fi^equendy did, from the gaze of 
the multitude, they were the habitual companions of his 
retirement Thus they were not only auditors of his public 
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discounses, but participators in his private instructions, and 
depositaries of his most secret thoughts. It is perhaps 
impossible for human ingenuity to conceive of more nume- 
rous and more signal advantages for obtaining a knowledge 
of the facts of individual history than those which were 
possessed by the two evangelists, Matthew and John : and 
it has been observed by Dr. Paley, with his usual acuteness, 
that their testimony is greatly strengthened by the consider- 
ation, that they wrote *' upon a subject in which their minds 
were deeply engaged, and in which, as they must have been 
very frequently repeating the accounts to others, the pas- 
sages of the history would be kept continually alive in 
their memory." * 

The Gospels of Mark and Luke do not stand upon the 
same grounds in^oint of authority as those of Matthew and 
John. They were not composed by eye-witnesses of the 
facts which are detailed in them. But their authors lived 
in habits of strict intimacy with some of the actors in the 
transactions which they record. They had frequently^ and 
diligently traversed the country, where those transactions 
are alleged to have taken place ; and had enjoyed the most 
unrestrained opportunity of investigating their truth. In 
addition to all which it may be observed, that there is in 
the works of the four evangelists, such a consistency in the 
thread of the story of the foundation of Christianity, such 
a harmony in the narration of the principal facts, slightly 
varied by trifling differences in the recital of minute par- 
ticulars, precluding the very suspicion of a deceitful combi- 
nation, as stamp the whole with the impress of honesty 
and good faith. " Hi de quibus agimus scriptores," says 
4he learned Grotius, " credenda eadem inculcant, eadem 
dantprsBcepta : etiam de Christi vitfi, morte, reditu in vitam, 
summa ubique est eadem. Quod vero ad exiguas aliquas 
circumstantias et ad rem nihil facientes attinet, facillimd 
fieri potuit ut non desit commoda conciliatio, sed nos l:itt at, 

* Paley's Endences, vol. i. p. 155. 
p r 2 
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ob res similes diversis temporibus gestas, nominum amU-' 
guitatem, aut hujus nominis aut loci plura nomina, et si 
quid his simile est. Imo hoc ipsum scriptores illos ab omni 
doli suspidone liberare debet, cum soleant qui &lsa testantur 
de compacto omnia narrare; ut ne in speciem quidem 
quicquam diversum i^pareat." • [Grotins de Verit. Relig. 
Christ. Lib. IIL § xiii.] 

The conviction of the intelligent reader as to the good 
faith of the evangelic writes, will be strengthened by an 
attentive examination of the style and manner of their re« 
spective compositions. Those compositions present no 
mystical or abstruse speculations, such as proceed from the 
vain imagination of the visionary — no bursts of passioDr 
the ebullitions of that enthusiastic temperament, which in 
the self-delusion of zeal, tempts the ardent partisan to 
transgress the bounds of truth. They contain a plain, cir- 
cumstantial and unadorned relation of facts, accompanied, 
by moral precepts, which however excellent they are found 
to be when tried by the touchstone of the soundest reason, 
are propounded with the voice of authority, and are ndther 
supported by long deductions of argument, nor set off by 
the fascinating powers of language. The distinctive pecu* 
liarities of the four Grospels may be accounted for, and ex- 
plained, upon principles at once satbiactory in themselves, 
and corroborative of their credibility, by a reference to the 
peculiar views and circumstances of their several authors^ 
Thus Matthew, who wrote for the special purpose of 



• The writer* in question inculcate the same doctrines, diasemiiiate 
the same precepts : they agree too in substance in their account of the 
life, death, and resurrection of Christ. As to certain minute and unim- 
portant matters in which they seem to difier, it may easily be supposed 
that their accounts might be reconciled, were we more distinctly in- 
formed. Their apparent discrepancy may arise from similar transactiona 
having taken place at difierent times, from the ambiguity or the multi- 
plicity of names of men and places, and such like. And after aU, this 
very circumstance tends to free thfese writers from all suspicion of col- 
lusion : for witnesses to felsehood usually agree so minutely in their 
^timony, as not to-exhihit even the semblance of discrepancy. 
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awakening the attention of his countrymen to the claims of 
Christianity, industriously touches upon those topics which 
are likely to make a favourable impression upon the minds 
.and feelings of Jews ; whilst the Gospel of Luke is obviously 
calculated for the perusal of the Gentiles. The plain un- 
derstanding of Mark leads him to confine himself to the 
more palpable passages, if I may so express myseli^ of the 
life of JesQs ; whilst the speculative mind of John dwells 
upon the more recondite and figurative of his Lord's dis- 
courses. In short, the more minutely the biographical 
memoirs of Jesus, as recorded by the evangelists, are 
scrutinized and compared together, the more abuhdant 
are the proofe which present themselves of the honest per- 
suasion of their authors, that the story which they related 
was true. 

And this persuasion is still more signally evinced, in the 
conduct of these witnesses of the transactions in which 
Jesus was engaged during the course of his public ministry, 
and in the deportment of their companions, associates, and 
immediate successors, who enjoyed such peculiar advantages 
for the verification of the facts upon which the proof of the 
divine origin of Christianity must ultimately depend. Their 
course was truly arduous and perilous, and nothing could 
have enabled them to persevere in it, but the consciousness 
of upright intentions, united with a conviction of the high 
importance of the oflice which they had undertaken, as dis- 
seminators of a new system of religious faith and practice* 
At the very outset of their mission they had to encounter 
the most formidable prejudices on the part of their country- 
men. The Jews were devotedly attached to that ritual 
which they had received from on high, by the medium of 
Moses, not merely through that reverence which is obviously 
due to institutions of divine appointment, but also in con- 
sequence of the narrow and exclusive operation of that 
bigotry which induces the selfish and the prejudiced to 
regard with contempt and abhorrence all those who do not 
rank with their particular sect and party. And though 
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the iwpulace, awed by the sight, or by tlie fame of the 
miracles wrought, or said to be wrought, by Jesus, tor a 
time believed that he was the promised Messiah, whose 
advent was at that time most confidently expected by. the 
Jewish nation, they were no sooner undeceived in their 
notions of his temporal authority, and apprised that the 
scope of his views was not bounded by the narrow confines 
of Judea, than they concurred with their rulers in impeach- 
ing him of a design to overthrow the institutions of his 
country, and in dooming him to a death, appropriated to 
the Vilest of malefactors. Against this violent procedure^ 
his immediate followers deemed it their duty to enter their 
protest. They did protest against it in defiance of the 
subtile malice of the chief priests, and the rage of the m.ul- 
*titude. In the memorable declaration that ** by wicked 
hands" their master ** had been crucified and slain," they 
openly characterized it as a legal murder. At the same 
time, in proclaiming the fact of his resurrection, they must 
of necessity have irritated his persecutors by all the morti- 
fication of that severe disappointment which they could 
not but feel, at the idea of their having derived no advantage 
from the sanguinary measure of his execution. The events 
which ensued, were such as in similar circumstances might 
naturally have been expected. Obliged as tlie aposdes 
were, to for^o all the emoluments, pleasui'es, and gratifi- 
cations incident to common life, and to devote themselves 
to the incessant activity and toil of earnest and laborious 
preaching, at every, step in their progress they were called 
to encounter the virulence of the ecclesiastical rulers of the 
Jewish nation, and to testify the sincerity of their own belief 
in the principles which they inculcated, by opposing the 
** firmness of high resolve" to the . rage of persecution. 
Suppose them to be fiilly and feelingly convinced, of the 
truth of these principles, (which, I would remind you, my 
dear son, as a matter of high importance in this discussion, 
lainly depended upon matters of feet, not of speculation,) 
d tlieir conduct is easily and naturally to be accounted 
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for. On the contrary hypothesis their behaviour is directly 
and decidedly contradictory to the most clearly ascertained 
laws of human nature. * 

The author of the Acts of the Apostles, in speaking of 
the sentiments of a Roman governor concerning certain re^ 
ligious controversies, intimates that ^^ Gallio cared for non^ 
of these things.'* Mr. Gibbon, in treating of the genius of 
the religious institutions of ancient Rome, has justly ob- 
served, that ** the devout polytheist, though fondly attached 
to his national rites, admitted with implicit fiiith the different 
religions of the earth ;" and that ** llie Greek, the Roman, 
and the barbarian, as they met before their respective altars^ 
easily persuaded themselves, that under various names, and 
with various ceremonies, they adored the same deities.^ f 
On a cursory view of the sentiments of the heathens on the 
subject of religion, thus tending to general toleration, it 
might have been expected, that on the introduction of 
Christianity, the Roman government would have suffered 
the disciples of the new sect to pursue their course without 

* This course of argument is thus expressed iu tiis quaint akul origin 
nal, but striking manner, by the late Rev. Robert Robinson, of Cam- 
bridge: ** Are you aware what a dangerous task a man would under- 
take, who should presume to deny, either that the Gospel is good, or 
that though it be good, yet it was not inspired by God? If it be not 
good it must be wicked? but what order of bad men could write such 
a book ? Do you know any ignorant people who could do «o ? It it 
conceivable that misers or drunkards, or swearers or liars, or ai^ other 
sort of profligate people, could or would compose such a book as this? 
It is above their virtue, and above their invention. No. The Gospel 
is not the production of such men. Matthew was not a blasphemer of 
Grod ; Mark was not a slanderer of mankind ; Luke was not a stupid, 
ignorant man; John was not aa artful propagator of felse and idle tales. 
Would the profligate forsake father andmother, and houses and Urnda^ -^ 
would the wicked expose themselves to poverty and ridicule, and impri- 
sonment and death, to pve credit to a lie ? If the book were written 
by good men, then it was inspired ; for the writers expressly state that 
it was not they who spoke ; but the Holy G&ost who taught them what 
to say,"^ Ac Robinson's Discourses, p. €€. 

t Gibbon's Decline and Fall« vol. i. p 47, 48. 
P P 4? 
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molestation. Bui a nearer iaq>ectkm of the ciFcainstanGea 
of the case will evince a striking discrepancy between the 
Christian fidth and the received systems of theology, wbidi 
led to a reception of the former very different frcHn the mu- 
tual welcome which was extended to the latter. In the 
first place the principles of Qiristianity were promulgated^ 
not as the mere deductions of human reason, or as the 
result of political convention, but as the express dictates of 
the Dei^ himself. Hence it followed, as a necessaxy con- 
sequence, that the fiuthfiil supporters of diose principles 
were precluded from any compromise with the erroneous 
belief, or any participation in the unholy rites, which, at 
the period of their earliest dissemination, were prevalent 
throughout the heathen world. For, charitable as is the 
genius of Christianity in relation to the feelings of kind 
affection which ou^t to glow within the human bosom, it& 
creed is simple, precise, and susceptible of no modifications* 
Its fimdamental doctrine, the unity of the Godhead, waa 
direcdy at variance with the comprehensive, but absurd 
ideas of the polytheist. Nor did the state of society allow 
the professor of Christianity to sutFer this doctrine to lie 
dormant, as it were, in his x>wn breast, as a mere speculative 
opinion. Fully entering into the sentiments of the Jews 
concerning the odious nature and the dangerous tendency 
of idolatrf, he deemed it a pcnnt of duty to bear open tes- 
timony against those puUic observances which were closely 
interwovoi into the texture of the civil polity, to the insti- 
tutions and laws of which the ruling powers regarded him 
as amenable* This circumstance involved him in daily 
acts of hostility against received practices and established 
customs, which could not but issue in his worldly disquiet^ 
detriment, and ruin. The festivals of their nation, and 
even the table of conviviality, which, to the people in geneisal, 
were the sources of amusement and delight^ were, to the 
disciples of Jesus, occasions of severe trial, and of bitter 
distress. The organization of the polytheistic system intro- 
duced to the genial hoard that homage to fictitious deities* 
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which to consistent Christians was the subject of unmixed 
abhorrence. In refusing to participate in this homage, and 
still more in expressly and firmly condemning it, they sbodc* 
ed the prevailing prejudices ; they acquired a character of 
gloomy misanthropy, end incurred the odious imputation 
of hostility to the gods and to human kind. Thus 
they became, as might naturally be expected, the objects 
of general reproach and hatred* Their motives were 
misunderstood; their actions were misrepresented, and 
they were alternately distressed by tl>e importunity of 
compassionate reproach, or harassed by the malignant 
activity of enmity. This was the lot of all professing 
Christians : but peculiar hardships awaited those of their 
number who diligently employed themselves in inculcating 
what they regarded as the maxims of divine truth. At* 
tracting the gaze of the multitude, and awakening the atten- 
tion of the civU magistrate, they were doomed, in the course 
of their labours, to encounter the hasty outrage of popular 
fury, or to bow their heads to the more deliberate and re- 
gular infliction of the penalties of the law. Arraigned 
before ju^es insennble of the value of the principles which 
they maintained, and by which they were supported in the 
extremi^ of trial, their consistent firmness was condemned 
as the perverse folly of obstinacy; and many of them were 
doomed to sufferings, at tlie recital of which humanity 
shudders with horror. Now what could possibly have in- 
duced the early professors of Christianity to forego those 
worldly prospects, which to the eye of the generality of 
mankind open so bright and fair ? What could have per- 
suaded them to give up the dearest gratifications of the 
social state, the applause of their fellow-citizens, the fevour 
of the great, the love of their relatives, and the attachment 
of their firiends ? — What could have urged them to forego 
these dear delights, and cheerfully to subject themselves to 
contempt and odium, and to embrace a life of labour and 
sorrow, in which 

•• The world was not their iiiend, nor the world's law." 

Digitized by VjOOQIC 



S86 LETTER 

-^What could have induced them to make these sacrifices, 
but a high sense of duty, the consciousness of upright in- 
tentions and purity of principle, and that persuasion of the 
divine blessing being extended to their labours, which was 
the result of the deliberate and settled conviction of their 
own minds. In conjunction with these splendid circum- 
stances of their history, call to mind the strict morality 
which they invariably inculcated, and the testimony which 
was given by their very judges, to the innocence of their 
lives * ; and then if you entertain die notion, that in assert- 
ing the alleged fiu:t8 upon which the system of Christianity 
is founded, diey knowingly and wilfully asserted so many 
fidsehoods, you will be reduced to support the monstrous 
proposition, that ^^ they were villains for no oth&r end but 
to teach honesty, and martjrrs without the least prospect of 
honour or advantage/' f 

In order, indeed, to form a just criterion of the credi« 
bility of the Christian rdigion, its external and its in- 
ternal evidence should be considered in strict connexion. 
The existence of such a religion is a prominent fact in 
the history of the human race : and it is the duty of the 
upright and intelligent inquirer, not only to examine under 
what authority it was promulgated, but also whether its 
doctrines and its precepts are fit for God to inculcate, and 
for man to receive. For, as on the one hand, no authority 
can justify immorality of conduct as of divine obligation, 
so, on the other, the purity of a religious system may rea^ 
sonably be alleged as a strong corroboration of its other 
claims to a divine origin. And in pursuing this branch of 
tlie inquiry, I would remind you, my dear son, of what I 
have already had occasion to observe, that right apprehen- 
sions of the Deity constitute the foundation of every thing 

* See in particular the declaration of the Younger Pliny, that the 
Christians who were brought before him in Bithynia had entered into a 
mutual compact to allow themselves in no crinre or immoral conduct 
whatever. 

t Paley's Evidences, vol. i. p. 145. 
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that is valuable in religion. Now how obscure and doubt- 
ful, as I have before remarked, were the notions of the 
heathens concerning the existence and the nature of God* 
Instructed, as we are, in our early days, to trace the hand 
of God even in these his " lowliest works," it appears to 
us to be a dear and incontestable maxim, that they ^^ pro- 
claim their great original," with a most convincing voice. 
But, on referring to the annals of history, we find, that in 
point of fact the contemplation of the divine works had 
not, antecedently to the birth of Jesus, produced this effect 
upon the sentiments even of the inhabitants of tlie most 
civilized portions of the globe. It should seem that the 
Divinity was an object too vast and too sublime for the 
reach and the comprehension of unaided reason ; and man- 
kind in general, involved in the inconsistencies and absur- 
dities of superstition, limited their religious views to the 
offspring of divine powier, and paid to creatures that re- 
verence which is due to the Creator alone. 

And even the apprehensions which the Jews entertained 
of the Divine Being, were partial and inadequate. To them 
He appears to have revealed Himself in a manner com- 
paratively obscure. The Jewish dispensation was, no doubt, 
well adapted to the nation and the times for which it was 
intended. But to his ancient people, God chiefly mani- 
fested himself as a God of power. The ignorance and the 
superstition which prevailed in the neighbouring nations, 
seem to have rendered it expedient for Him to appear to 
them in the splendour of his terrors ; and to require from 
them a series of rites and ceremonies which were calculated 
to keep Him as it were continually before their eyes. This 
process was no doubt requisite to preserve a gross, an 
ignorant, and a self-willed {people from deviating into the 
practices of the prevalent idolatry. Still the Judaic code 
was imperfect ; and it is in strict consistence with our ideas 
of the divine wisdom to believe, that in the lapse of ages it 
was destined to give way to a superior system. And, when 
compared either with the Jewish or the heathen creed and 
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ritual, how pure, haw spirituid, and, in the strict and 
genuine sense of that much abused word, how philosophical 
are the ideas which Jesus promulgated concerning God, 
and concerning the worship which is alone acceptable to 
the Divine Being. He taught that there is one Deity 
alone, the Creator of all things visible and invisible, the 
sovereign of the universe, most wise and powerful, holy, 
just, and good — that to this Deity man owes that homage 
of mental veneration, which, precluding every tendency to 
superstition, is in Scripture phraseology expressively deno- 
minated " worshipping in spirit," In representing God as 
the Father of the human race, he at once declared in the 
most intelligible terms the nature of our relation to Him, 
and laid the foundation for that trust in his providential 
care, and that hope in his mercy, which tend to excite our 
gratitude, to encourage our virtuous dispositions, and to 
promote our cheerful compliance with his requisitions. 
And I would propose it as a consideration of high im- 
portance, that these principles he inculcated, not like the 
heathen sages, mere occasionally, and in his happier moods 
of thought, but uniformly and constantly. His discourses 
exhibit the purest theology, the most sublime and. affecting 
views of the Deity, " unmixed with baser matter ;** whilst 
his doctrines respecting the Resurrection, and a future state 
of retribution, are so precise, as to preclude, in the minds 
of his disciples, all doubt on this momentous subject ; and 
at die same time so generally expressed, as to exclude 
every idea which is inconsistent with the solemnity and 
awfuiness of the topic. 

Strictly connected with a knowledge of our duty to God, 
is an acquaintance with our duty to our fellow-men and to 
ourselves. All other studies ought, as it w^ere, to center in 
this, and qre valuable in proportion as they enlighten our 
understandings, so as to enable us to see what conduct be- 
comes us as rational creatures, or as they tend to meliorate 
our hearts, and to dlevate us beyond the s^ay of the baser 
affections. Influenced by these considerations, in tunes of 

1* 
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oldy men of great abilities and of excellent dispositions, have 
investigated the nature of virtue ; and have inquired what 
is the chief good of man. Their researches into these 
subjects have been earnest, painful, and laborious. But 
notwithstanding their diligence, their ingenuity, and even 
their integrity, they have not been able to keep clear of 
hesitation and uncertainty ; on which account, even when 
they do not, as they often do, (all into dangerous errors, 
their moral precepts frequently appear in a very question- 
able shape. But when the people heard Jesus explaining 
to them the principles and the particulars of their duty, 
. expressing the dictates of their immediate feelings, they 
characterized his language as that of *^ one having autho- 
rity.** His instructions were plain and convincing. They 
carried with them, in their intrinsic qualities, their most 
powerfiil recommendation. His moral precepts were, in- 
deed, the superstructure which it was natural to raise upon 
his doctrines. He had explained the true nature of God. 
He had purified from every species and degree of corrup- 
tion, the notions which had been antecedently entertained 
of the Deity, and had represented Him as " a Spirit*' — a 
Being to whom could not be attached even the idea df 
imperfection. He was nbt only aware that the duration of 
human life is limited and briefj but also that the terrestrial 
existence of mankind is intended as a preparative for an 
eternal state of being. He therefore endeavoure to 
induce his followers to keep this principle in view, in the 
whole system of their conduct. Thus do his instructions 
tend to elevate the human mind above every tiling that is 
mean, and base, and sordid, and to impress the heart with 
the most generous feelings. He uniformly inculcates the 
maxims of peace and kind affection. He demands from 
his followers that liberality of disposition which will render 
easy to them every sacrifice which is necessary for the pro-^ 
motion of the general good ; and that habitual self-restraint 
which, keqping the mind of man in harmony within itself^ 
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constitates the best preparative for the complete and fiiithful 
discbarge of all the exteosive variety of social obligations. 

And the precepts of Jesus were illustrated and confirmed 
by his example. We are in possession of a minute account 
of the history both of his public and his private life. And 
what does this present to us, but a most interesting picture 
of piety to God, and benevolence to man ? His biograpfaers 
have recorded the confidential communications of his views 
and motives, which he from time to time made to his 
dearest friends, and his most intimate associates. And do 
these reveal any unworthy ends, or any sinister designs ? 
Do they disclose any schemes of ambition, any detestable 
projects of selfish cupidity? His public and his private 
conduct are found, upon the closest scrutiny, to be stricdy 
consistent. His sole aim is the improvement of the moral 
condition of mankind. For the promotion of ibis view, he 
is ready to sacrifice health, ease, competence, reputation, 
and even life itself. Once more then, referring to the 
principle which I proposed to your consideration, in the 
case of the conduct of the first followers of Jesus, I would 
ask, is it probable — nay, is it, according to the known 
laws of human nature, possible, that he, who in despite of 
obloquy and suiFering^ was the advocate of purity, could be 
basely corrupt — that he, who braved death in its most 
terrific form, rather than retract his professions, could be, 
for worldly purposes, a selfish deceiver — in short, that 
the same individual could be at once the most fearless and 
consbtent champion of virtue, and the most hypocritical 
and vicious of mankind ? 

On this consideration I would most willingly rest the 
whole argument as to the truth of Christianity; and I will 
conclude my letter by a suggestion which, though it would 
be invidious as regarding the community at large, I will 
venture, my dear son, to make to yourself. If at any 
time you waver in your belief of the divine obligation of 
Christian principles, strictly examine the existing tone and 
temper of your mind ,• and if you find that you think 
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with reluctance of the pcactice of some duty which Chris- 
tianity inculcates, or that you are inclined to indulge in 
some gratification which the law of Christ prohibits, guard 
yourself most cautiously, lest the obliquity of your will 
should have an unhappy influence on your judgment 



THE END. 
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EXPLANATION OF THE FIGURES IN PLATE VIL 

IN figure 1. is a front view of the skeleton, in which are 
given the names of the principal bones, as mentioned, with their 
offices, in the foregoing description. See chap. xxvi. and xxvii. 
Fig. 2. contains a view of the heart, with the adjacent blood- 
vessels of the thorax and abdomen. 

A is the right ventricle of the heart : C is the left, which is 
scarcely visible : e the right auricle, the left being out of sight : 
at a is the origin of the pulmonary artery, which rises from the 
right ventricle, and divides itself into two branches that pass to 
the right and left lobes of the lungs : b the arch of the aorta, or 
great artery, that rises from the left ventricle, from which alt 
the other arteries proceed, and by means of which the blood is 
carried to all parts of the body : x is the arteria innominata : E 
is the subclavian vein passfaig before the aorta : y y are the 
carotid arteries, which carry the blood to the upper parts of 
the body : u u are the jugular veins : c the superior vena cava : 
t is the inferior cava coming ilirotigli the diaphragm s the aorta 
may be traced turning round the pulmonary artery and trachea 
to the spine, and running down upon its fore-part : it is seen 
again at k^ called the descending aorta, sending out different 
branches to the abdominal viscera : as / the cseliac, m and n 
those to the mesentery : o and p the emulgent arteries, and ^, r 
the emulgent veins, that go from the aorta and vena cava to the 
kidneys : «, f, v, the thoracic duct, which runs up by the side of 
the aorta, and appears again at d^ where it terminates between 
the left jugular and subclavian vein : h is the trunk of the infe- 
rior vena cava. 

Fig. 3. In this figure we have a view of the right ventricle 
and pulmonary artery laid open : a is a triangular flap of the 
fleshy side of the ventricle, turned back to expose the cavity ; 
at d are the three semilunar valves in the mouth of the pulmo- 
nary artery, which is slit open. 

Fig. 4. is a view of the lacrymal passages : a a are the puncta 
lacrymalia, from which the two lacrymal canals, h by proceed 
to the sac : c ^ is the large lacrymal duct, and e its opening into . 
the nose. 

Fig. 5. is a view of the ear : the external part is represented 
by A B : a is the back part of the meatus auditorius ; of which 
VOL. n. Q Q 
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the inner extremity is closed by a thin membrane, e, called the 
membrana tympani, which is set in a bony circle, like the head 
o£ a drum. Under this membrane runs a pair of nerves, d^ 
called the chorda tympani. In the cavity are three distinct 
bones, viz. b the incus, e the malleus, and d the stapes. 

fig. 6. represents the anterior part of the ear, the cavity of 
the tympanum, its small bones, &c, a the malleus, b the incus, 
with its leg resting upon the stapes, c the membrana tympani, 
dy e the Eustachian tube. The sense of hearing is occasioned 
by a certain modulation of the air, collected in the external ear^ 
and conveyed through the meatus auditorius to the membrana 
tympani. The auditory nerve, which is the seat of the sense of 
hearing, is distributed over the whole labyrinth. 

EXPLANATION OF THE FIGURES IN PLATE VHI. 

Fig. 1. and 2. contain a representation of several of the ex- 
ternal muscles ; the integuments, cellular membrane, and fat, 
being removed : also the contents of the chest, abdomen, &c. 
Their namea»-^d relativo situation, are shewn in the figures : 
X in fig. 2. shews the lower part of the intestine leading to the 
rectum ; 7 is the descending aorta ; 8, the ascending vein ; 9, 
the ureters. 

Fig. 3. is a representation of the stomach and part of the in- 
testinal canal, the arrows shew the course of the aliment : a is 
the end of the cesophagus ; B the stomach ; h the pylorus ; t, i, 
/, &c. various convolutions of the small intestine, r is the rectum. 

In Fig. 4. is an exhibition of the gall-bladder, biliary ducts 
and pancreas : i is the hepatic duct formed by various branches 
proceeding from the liver : / the cystic duct, which is the tube 
of communication between the hepatic duct k, and gall-blad- 
der t .- n is the ductus communis, or that part which forms a 
junction between the cystic and the duodenum, this latter being 
the first portion of the small intestine, which communicates at 
its origin with the stomach, through the pylorus : p is the pan- 
creas, which is also connected with the beginning of the duo- 
denum, in the cavity of which its excretory duct terminates : q 
represents a portion of the duodenum, with a longitudinal slit, 
being the opening for the united ducts. 

Fig. 5. and 6. are the hand and foot, afler they are stripped 
of the common integuments, to shew the muscles and tendons 
of the fingers and toes. 
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